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ULTRACENTRIFULSE 


Rotor is quickly set in place 
without tools or connections; 
no critical balancing required. 








GENERAL PURPOSE FIXED-ANGLE ROTORS 


Large capacity for initial processing 
of biological materials. 940 ml in 
10 tubes; 51,000 x G max. 





With speeds ranging from 400 to 40,000 rpm, the Beckman/Spinco 
Model L Ultracentrifuge can fulfill both your routine and 
advanced preparative needs. Here are a few of the advantages of 
this unusually flexible instrument: 


High force when you need it—At top speeds, 144,000 Gs are 
developed with standard rotors (others to 173,000). These 
forces are more than sufficient to separate proteins and other 
materials which are well beyond the capabilities of instruments 
generating less force. 


Combines high force and high 
capacity for isolating viruses, 
microsomes. 462 ml in 12 tubes; 
105,000 x G max. 


Extremely high force allows 
separation of proteins, small viruses. 
162 ml in 12 tubes; 144,000 x G max. 





SPECIAL PURPOSE FIXED-ANGLE ROTORS High force to cut operating time—Many routine separations 
can be accomplished faster at higher forces, reducing operating 
time as much as 80 percent. 


Equal effectiveness at lower force-Large-volume rotors 
handle separations requiring only nominal speeds. Turn of a knob 
varies speed to any desired rpm. 

Ultra-simplicity of operation—Less than 30 seconds 
required for start-up; subsequent operation fully automatic, 
operator’s presence not needed. 

Economical, maintenance-free operation—The Model L is a 


heavy-duty, precision instrument which can be run at high speeds 
for hundreds of hours without attention. 


We’d like to send you an APPLICATION CHART which 
gives helpful data on a variety of materials run by Model L users. 
References are included. 


Shallow tube angle (40°) results in 
minimum stirring at end of run. 
143,000 x G max. 


Steep tube angle (20°) for 
maximum sedimenting efficiency. 
142,000 x G. 


SWINGING BUCKET ROTORS (2) 


Ideal for zone centrifugation 
employing density gradients, and 
other special studies. 

Forces to 173,000 x G. 





For the chart and a new 12-page brochure on the Model L, 
please write to Spinco Division, Beckman Instruments, Inc., 


Stanford Industrial Park, Palo Alto, California. Ask for file L-5. 


BATCH ROTOR 


Capacity to 1600 ml, 35,000 x G. 





Beckman: 
$.57 Spinco Division 


Beckman Instruments, Inc. 


SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 





















Diamond D Superiority Gives You Top Quality 
Yet Saves You Money...And You Can Prove It! 


No purchasing agent ... no technical man... of “Behind The Diamond D.” It is a step-by-step 
will buy a pig in a poke! Their approach to the picture story of the manufacture of Diamond D 
job and the procedures involved make it practically Laboratory Glassware. Doerr Glass Company, 
impossible to buy blindly. That’s why we offer a_ Vineland, N.J 

simple 2-step evaluation of laboratory glassware to 





) adnan top quality can cost less money. For OL’ NANTUCKET WEATHER CLASS 
STEP ONE: Obtain competitive samples of Here is a hand-blown replica of the 
lab glassware, including Diamond D, and sub- prong p congo on the oe 
ject them all to the most rigid tests you can Light more than a century ago. It is 
devise. Rate every brand honestly. a crystal-clear pear shaped pendant which 

. . angs on a Ong wrought iron 
STEP TWO: Check the ratings, against the bracket. Fill the glass with water accord- 

1 prices for each piece and buy the one which ing to directions; chart shows how to 

gives you the best value for the least money. translate movement of water in spout 

Si le? Cert 1 it’ le. That’s th in terms of weather forecasts. Ideal for 

, Simpie: ver ainly, it’s simple. ats the way home, office, den, recreation room, col- 

industrial purchasing agents and technical men lege dorm or classroom. $3.95 postpaid. 

buy ...orat least that’s how they should buy. oe Glass Specialties, Inc., Vineland, 

For one of the most interesting studies ever made pce Pw cali laale ai s. 
of the art of glassmaking, send today for your copy 
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Flames swept across the open plains as 
the Mongol hordes ran in terror from the 
“arrows of flying fire’. When the smoke 
had cleared the Chinese had won the 
battle of Pienking with the first rocket. 


Missiles have become greatly more 
sophisticated since this crude unguided 
arrow was propelled by gunpowder packed 
in an open-ended bamboo tube. Today, asa 
vital part of one of the world’s largest 
electronics companies, Raytheon’s Missile 
Systems Division is making significant con- 
tributions to the art of missilry. Here, en- 
gineers are working with far-advanced con- 
cepts in electronics, aeronautics, and 
astronautics. Constantly analyzing, evalu- 
ating, creating, they’re helping to solve 
tomorrow’s defense problems now. 


Raytheon has room for more such men 
at all levels of responsibility. For them, 
Raytheon’s Missile Systems Division cre- 
ates a climate for talent — perhaps your 
talent. 


MISSILE: 
t) CENTURY 


ENGINEERS: immediate openings in Op- 
erations Analysis— Radar Systems— Data 
Processing — Design Data Systems Test — 
Specification Engineering — Circuit Design 
- Systems Analysis — Electronic Packag- 
ing — Transmitter Design — Methods and 
Process Engineering — Product Engineer- 
ing — Publication Quality Control — 
Microwave — Systems Analysis. 


Your resumé will receive prompt at- 
tention. Please address it to: Mr. Richard 
S. Malcolm, Coordinator of Employment/ 
Placement, Missile Systems Division, 
Raytheon Company, 520 Winter Street, 
Waltham, Massachusetts. 


MISSILE 
SYSTEMS 
DIVISION 
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NUCLEAR PARTICLE 

























ANALYZING MAGNETS 





Combined Magnetic Spectrograph and Spectrometer* 
designed and built for Chalk River Laboratories, Atomic 
Energy of Canada, Ltd., for energy analysis of protons, 
deuterons, and alpha particles. 


e Magnetic rigidity — 
Up to Bo = 865 kilogauss-cm (12- Mev tritons) 





@ Resolving power (spectrograph) — 
E/AE = 103 or better 





® Solid angle (spectrograph) — 
Q = 14x 10 —3 steradians (max) 


© Solid angle (spectrometer) — 
Q = 0.9 x 10-2 steradians (max) 


® Reaction angle — 
0 = 0 to 135 degrees 


e Detector — 
Nuclear track plate and scintillation counter 


*For further technical reference, see H.A. Enge, RSI 29, 885 (1958) 


















TYPICAL MAGNET SYSTEM FOR 
12-MEV TANDEM Van de Graaff’ 
ACCELERATOR 


Combined magnetic spec- 
trograph and spectrometer 


Pre-acceleration negative 
ion analyzing magnet 


90° beam analyzing and 
pe magnet for 
Bp = 865 kilogauss-cm 
(12-Mev_ tritons) 


Quadruple lens pair—2” 
aperture for post-accele- 
ration beam focusing 


Multi-port switching 
magnet 
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Towards More Reliance on Social Science 


A pilot study of how social scientists might more effectively help 
public officials in dealing with problems of metropolitan growth and 
housing was begun recently by the Brookings Institution of Washing- 
ton, D.C., a nonprofit research organization. Called the Committee on 
Problems of the American Community, the group conducting the study 
does not itself propose to investigate housing problems, or to come up 
with recommendations for their solution, but rather to study a problem 
of communication. The committee’s task is to determine what can be 
done to make investigators in the social sciences, and the organizations 
that support them, more aware of the problems in housing that need 
research. Conversely, its task is also to determine what can be done 
to make officials in federal, state, and local governments more aware of 
those findings in the social sciences that bear on housing problems. 

As an illustration of the aid social scientists might render public offi- 
cials, consider the following problem. In a fast-growing suburb, the 
land needed for schools, libraries, playgrounds, and parks must be ac- 
quired while such land is still readily available, for as the region fills in, 
prices may rise prohibitively. But how does one know that a housing 
trend will continue? Suburban growth may slacken because of changes 
in, say, construction costs and family income. Accordingly, one use 
of the social sciences may be in examining the elements that govern 
housing trends. Further, housing trends do not only affect public policy, 
but are, in part, affected by such policy—or the lack of it. Thus, a 
second use of the social sciences may be in evaluating the effects of 
such measures as revising the building codes to permit more economical 
methods of construction. The social sciences may also have something 
to say about such factors influencing the housing scene as the increase 
in leisure time resulting from shorter working hours. 

In seeking ways to improve communication between social scientists 
and public officials, the Committee on Problems of the American Com- 
munity will examine, among other things, the use now being made of 
the social sciences. Specific fields to be investigated will include hous- 
ing for the elderly, improvement of neglected urban areas, and the effect 
of building codes on the supply of new houses. The committee consists 
of 16 distinguished representatives from the natural and social sciences 
and from public life, and the committee staff of two plans to make 
extensive use of outside consultants. The Brookings study will run for 
one year, when it will be decided whether further work is desirable. 

Use of the social sciences in setting public policy is similar to use 
of the natural sciences for this purpose, but there are differences. For 
one thing, results in the social sciences are likely to provide a con- 
siderably less firm basis for decisions than are results in the natural 
sciences. Selecting the best route for a new expressway through a city 
is not quite the same thing as selecting the best route for a road across 
a mountain range. For another, use of the social sciences can pose its 
own special paradoxes. If research reveals that people who throw stones 
should not build glass houses, it may also reveal that such people like 
glass houses. Nevertheless, to act on the basis of knowledge, whatever 
its limits, is better than acting blindly, provided one is aware of those 
limits.—J.T. 
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CURRENT PROBLEMS IN RESEARCH 





Liquid Helium-3 


The low-temperature properties of the rare isotope 
provide a basis for a new theory of liquids. 


Some of the more interesting prob- 
lems in current research at very low 
temperatures concern the behavior and 
properties of pure liquid helium-3. Al- 
though this rare isotope of helium was 
discovered as long ago as 
Alvarez and Cornog (/), a decade 
elapsed before its low-temperature prop- 
erties could be studied on a macroscopic 
scale, the first liquefaction of pure He* 
having been made by Sydoriak, Grilly, 
and Hammel (2) in the Los Alamos 
Scientific Laboratory in 1949. At this 
date He*® became available as the decay 
product of tritium, and the subsequent 
increasing availability of this rare 
isotope from the U.S. Atomic Energy 
Commission and in the U.S.S.R. has 
made possible a significant effort toward 
the solution of many problems in the 
past several years. 

No attempt will be made here to 
make a complete review of past work 
or to discuss any of the problems asso- 
ciated with the solutions of He* in 
liquid Het. I have already reviewed 
the earlier work, particularly that car- 
ried out during the difficult days when 
He* was available only in its natural 
abundance of about one part per million 
in He* (3), aid many subsequent re- 
views have been published (4-7). The 
aim of the present article is to present 
some current research problems associ- 
ated with the low-temperature properties 
of liquid He* from an experimental 
point of view. 

Helium-3 differs from He* not only 





The author is professor of physics and astronomy 
at Ohio State University, Columbus. 
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in its mass but also in possessing a 
nuclear spin (8) of %. As was em- 
phasized many years ago by the late 
Fritz London (3, 5, 9), this difference 
in nuclear spin might be expected to 
result in significant differences in the 
macroscopic behavior of the systems in 
their liquid phases, since He* would 
conform with Fermi-Dirac _ statistics 
whereas He* would be a Bose-Einstein 
system. On the other hand, the develop- 
ment of a quantum theory of corre- 
sponding states by de Boer and his co- 
workers (/0) leads one to expect a 
marked similarity in the behavior of 
the two isotopes. The most striking 
similarity lies in the fact that under 
their saturated vapor pressure both He® 
and He* remain liquids down to abso- 
lute zero temperature. This circum- 
stance of having both a Fermi and a 
Bose liquid-existing at the very lowest 
temperatures, where one might expect 
unusual simplicity in their behavior, 
makes these liquids of particular inter- 
est. If a fitting picture of the liquid 
state is to be built up, it is surely here 
that the most promising investigations 
are to be made. 

In considering the known and possible 
similarities and differences, two par- 
ticular questions arise very significantly. 
The first question, which one would 
wish to answer by experimental methods, 
concerns the character of the elementary 
thermal excitations in the liquids. The 
second question concerns the occurrence 
of superfluidity, a phenomenon which is 
well known in liquid He* below its 
lambda temperature (7, /7, 12) and 
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which theoretically may be expected 
also in a Fermi system, provided the 
attractive potential is sufficiently great 
(13). These two problems are closely 
interwoven and, from an experimental 
point of view, often are attacked by 
observations of the same type. 

One of the earliest indications of an 
anomalous behavior in liquid He*— 
a behavior later associated with the 
phenomenon of superfluidity—stemmed 
from measurements of the specific heat 
(11, 12). Figure 1 shows the specific 
heat of liquid He* as a function of tem- 
perature and illustrates impressively the 
sensitive indication which the specific 
heat yields of the collective transforma- 
tion into the superfluid state as the 
temperature is reduced through the 
lambda point at 2.17°K. From such 
measurements conclusions could be 
drawn about the general character of 
the thermal excitations, as was done, 
for example, in the pioneering theoreti- 
cal work of Landau (/4) and in the 
subsequent development of that work 
by Feynman (/5). Measurements of 
the specific heat at very low tempera- 
tures, below approximately 0.6°K (/6), 
reveal a cubic dependence on tempera- 
ture, indicating that at these tempera- 
tures the excitations are in the form of 
longitudinal acoustic waves, or phonons. 
At higher temperatures the rapid and 
almost exponential rise in the specific 
heat of the superfluid liquid characterizes 
excitations of much shorter wavelength, 
which have been termed rotons by 
Landau, and which must involve associ- 
ated motion of small groups of atoms. 

More recently this problem of the 
thermal excitations in liquid He* has 
been elegantly attacked in an entirely 
different manner, in accordance with a 
detailed theoretical proposal by Cohen 
and Feynman (1/7). The experiments 
were initiated by Palevsky and his co- 
workers (78) and further and inde- 
pendently developed by Yarnell, Arnold, 
Bendt, and Kerr (/9) and by Henshaw 
(20). These workers observed the 
wavelength of slow neutrons inelastically 
scattered by liquid He*, the scattering 
process being one in which the neutron 
creates a single thermal excitation in 
the liquid. By measurement of the 
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change in wavelength due to scattering 
as a function of scattering angle, they 
were able to deduce the energy spectrum 
of the thermal excitations—that is, the 
energy as a function of momentum. 
The results strikingly confirmed and 
made more precise the conclusions out- 
lined above, which had already been 
drawn from the earlier specific-heat 
data. Figure 2 shows graphically this 
energy spectrum. 

No detail need be given here con- 
cerning the experimental establishment 
of the phenomenon of superfluidity in 
liquid He*, first discovered in observa- 
tions on fluid flow by Kapitza (2/) 
and by Allen and Misener (22), since 
many reviews of this material exist 
7544512). 

Along the same lines of experimental 
attack, considerable attention has been 
paid to the observation of the specific 
heat of liquid He*. This attention has 
been the more intense since the elegant 
method of slow neutron scattering is 
unavailable because of the extremely 
large absorption cross section of the 
He® nucleus (23). The first measure- 
ments of the specific heat of liquid He*® 
were made by de Vries and Daunt (24), 
by Roberts and Sydoriak (25), and by 
Osborne, Abraham, and Weinstock 
(26); these measurements covered the 
range of temperature from 2.3° down 
to approximately 0.23°K. The results 
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Fig. 1. The specific heat of liquid He* and 
liquid He® under their saturated vapor 
pressures as a function of temperature. 
Data for He* were taken from the work 
of W. H. Keesom and his co-workers (1/) 
and for He’, from the work of de Vries 
and Daunt (24), Roberts and Sydoriak 
(25), and Osborne, Abraham, and Wein- 
stock (26). 
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Fig. 2. The energy spectrum for thermal excitations in liquid He*, the energy being 
plotted as a function of momentum. [From the work of Yarnell, Arnold, Bendt, and 


Kerr (19)] 


are shown in Fig. 1 and give no indi- 
cation of any lambda anomaly in the 
range of temperature covered. It was 
natural to conclude, therefore, that a 
transformation to superfluidity does not 
occur down to 0.23°K. This conclusion 
was supported by other experiments, 
particularly by the observation of the 
occurrence of only normal viscous flow 
in liquid He® in the range 1° to 3°K, 
by Osborne, Weinstock, and Abraham 
(27), and by the early observation of 
the monatomic decrease in the lambda 
temperature of He* in mixtures of He* 
and He* down to approximately 0.4°K, 
by Daunt and Heer (28). 

It is interesting to note in Fig. 1 the 
very high absolute value of the specific 
heat of He® at the lower temperatures. 
For example, at 0.25°K it is 0.684 cal/ 
moledeg, a value which is 1954 times 
larger than that for liquid He*. Liquid 
He? near absolute zero, therefore, pos- 
sesses an abundance of low-energy exci- 
tations not possessed by liquid He*. As 
is clear from Fig. 1, the results down to 
0.23°K do not permit unambiguous ex- 
trapolation of the specific heat to O°K. 
There are many possible extrapolations 
consistent with the entropy require- 
ments, and a variety of speculations have 
been made (29). In 1958 the results from 
measurement of the specific heat of 
liquid He’ at approximately its saturated 
vapor pressure down to a temperature 
of 0.08°K were published by Brewer, 
Sreedhar, Kramers, and Daunt (30); 
these results are shown in Fig. 3. They 


permit a justifiable linear extrapolation 
to be made to O°K, and they strongly 
support the theoretical picture of the 
liquid as a degenerate Fermi system of 
interacting particles, which had previ- 
ously been put forward theoretically by 
Brueckner and Gammel (3/) and by 
Landau (32, 33). In the region of the 
linear dependence of the specific heat on 
temperature, the degenerate Fermi 
liquid can be characterized by an effec- 
tive mass m*, given by: 


m*/m = C/Cr (1) 


where Cy, is the specific heat of an 
identical system of Fermi atoms without 
interaction and where m is the mass of 
the free He® atom. The experimental 
results yield a value of 2.0 for m*/m, 
surprisingly close to the value of 1.76 
obtained in the theoretical computations 
of Brueckner and Gammel. 

A by-product of these results is the 
conclusion that one may set a still lower 
limit for the occurrence of superfluidity, 
the lack of a significant specific-heat 
anomaly indicating an absence of super- 
fluidity down ot at least 0.08°K. It is 
not possible, however, to conclude from 
these results that superfluidity may not 
yet occur at still lower temperatures. If 
such a transformation were to occur, it 
is in principle possible for it to be such 
that the entropy of the liquid above the 
transformation temperature is the same 
as that which is obtained by the linear 
extrapolation of the known results. The 
occurrence of superconductivity in 
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metals is one example of a transforma- 
tion fulfilling similar entropy require- 
ments. A detailed theoretical investiga- 
tion of the criterion for the occurrence 
of superfiuidity in degenerate interacting 
Fermi systems and, in particular, in 
liquid He* has recently been made by 
Cooper, Mills, and Sessler (J3). They 
concluded that superfluidity was in prin- 
ciple possible, but that owing to the 
very weak attractive forces in liquid 
He’, it would be unlikely to occur 
unless, in some as yet unknown way, 
the number density of atoms could be 
considerably diminished. It is still, 
therefore, of considerable interest to 
make experimental studies of liquid He*® 
at still lower temperatures, and it is 
hoped that it may not be too long before 
measurements down to 0.01°K will be 
technically feasible. 

In the development of the theory of 
liquid He* as a Fermi liquid one of 
the most important early experimental 
landmarks was the elegant measurement 
by Fairbank and his co-workers (34) 
on the nuclear paramagnetic susceptibil- 
ity. In making their observations of the 
susceptibility they used nuclear magnetic 


resonance techniques down to a tem- 
perature of 0.1°K and at a variety of 
pressures. Figure 4 gives some of the 
typical results for the liquid under its 
saturated vapor pressure; the quantity 
xT/c is plotted as a function of tem- 
perature, where x is the susceptibility 
and c is the Curie constant. It will be 
noted that at the lowest temperatures 
the curve approaches the origin linearly; 
this indicates that the susceptibility be- 
comes independent of the temperature, 
as one would expect for a Fermi system. 

Other predictions can be made con- 
cerning the behavior of liquid He* at 
the lowest temperatures—that is, below 
about 0.15°K—in the degenerate region 
of the Fermi liquid. The viscosity 
should be given by a/T?, as has been 
pointed out by Abrikosov and Khalat- 
nikov (6, 35, 36), with a lying between 
10-5 and 10-° centimeter-gram-second 
(cgs) units. The lowest temperature to 
which measurements of the viscosity 
have so far been made is about 0.35°K, 
in the work of Zinov’eva (37). She 
observed (see Fig. 5) that the viscosity 
increases with decreasing temperature 
but not as rapidly as 1/T?. The heat 





conductivity in the degenerate Fermi 
liquid region, according to Abrikosov 
and Khalatnikov (6, 35), should be 
given by K = 8B/T, with B lying be- 
tween 10? and 10* cgs units—a prediction 
which has not yet been experimentally 
verified. The measurements of the heat 
conductivity which have been made— 
for example, by Fairbank and Lee (38) 
—do not extend below about 0.2°K and 
show a monatomical increase in heat 
conductivity with increasing tempera- 
ture. As has been pointed out by 
Abrikosov and Khalatnikov (6, 35), the 
validity of these theoretical derivations 
of the viscosity and heat conductivity, 
and indeed of the whole model of the 
Fermi liquid, requires that the tem- 
perature be sufficiently low so that the 
quantum indeterminacy in the energy of 
the excitations due to their collisions 
is much smaller than the average excita- 
tion energy. Since the average excitation 
energy is of the order of kT, this yields 
the requirement: 


kT > hi/r (2) 


where 7, the time between collisions, is 
inversely proportional to T?. By esti- 
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Fig. 3. The low-temperature specific heat of liquid He*® under a pressure of a few centimeters of mercury. [From the work of Brewer, 
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mating the constant of proportionality 
from Zinov’eva’s viscosity data, Abri- 
kosov and Khalatnikov conclude that 
the validity requirement is 


i < 03 (3) 


indicating that temperatures at least as 
low as 0.1°K must be attained in meas- 
urements of viscosity and heat conduc- 
tivity in order to test the theory. 

The propagation of sound has been 


(32) and by Abrikosov and Khalatnikov 
(6, 39), and it is predicted that at the 
lowest temperatures it should exhibit 
several unusual features. The character- 
istic features of propagation are de- 
pendent on the relative values of the 
period of oscillation of the sound wave 
and of the collision time 7 in the liquid. 

For low-frequency sound, for which 
the period of the sound wave is large 
as compared with the collision time, 














theoretically investigated by Landau sound propagation occurs in the usual 
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Fig. 4. The magnetic susceptibility x of liquid He® [from the work of Fairbank and 
Walters (see 34)]. The ordinate plots the term x7/c, where c is the Curie constant. 
The full curve gives the value of x7/c of an ideal Fermi-Dirac gas with a degeneracy 


temperature of 0.45°K. 
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Fig. 5. The viscosity » of liquid He* as a function of temperature. [From the work of 


manner and is due to the compressional 
waves in the liquid. Thus, when wz <« 
1, where » is the angular frequency of 
the sound wave, normal first sound 
results, characterized by a displacement 
of the Fermi surface as a whole. Its 
absorption coefficient y should be, 
according to Abrikosov and Khalatnikov 
(3, 39): 


y = 1077 (@/T)? cm (4) 


the increase in attenuation as the tem- 
perature is reduced being due to the 
corresponding increase in the viscosity. 
The velocity of first sound has been 
measured by Laquer, Sydoriak, and 
Roberts (40) and by Atkins and Flicker 
(41), Laquer and his co-workers having 
made measurements down to 0.34°K and 
having obtained a value for the velocity 
extrapolated to 0°K of c:=183.4 m/sec. 
No measurements of the attenuation 
have yet been made. 

As the frequency is increased or the 
temperature is reduced, or as both these 
changes occur, the situation will arise 
when w7 ~ 1. In this event first sound 
is completely damped. Further increase 
in » or decrease in 7, or both, intro- 
duces, according to Landau (32), a new 
kind of sound propagation, called by 
him “zero sound,” with a velocity of 
propagation different from that of first 
sound. For zero sound, wr > 1—that 
is, the period of the sound oscillations 
is shorter than the time between col- 
lisions, and the wave is characterized 
by an oscillating distortion of the Fermi 
surface only. Abrikosov and Khalatni- 
kov (6, 39), using Zinov’eva’s (37) 
viscosity data, estimate that: 


7 os 2.3 X 10-12 T-? sec (5) 


so that for generation of zero sound 
with a readily available ultrasonic fre- 
quency of, say, 10 megacycles per 
second, temperatures at least as low as 
about 0.01°K would be required in 
the liquid He*. It would be of extreme 
interest to attempt the generation of zero 
sound experimentally, but clearly it will 
involve the marriage of two advanced 
techniques—namely, of very high-fre- 
quency sound generation and very low 
temperatures that can be attained only 
by magnetic cooling. Moreover, theo- 
retical estimates have been made of the 
attenuation coefficient and _ velocity 
which clearly call for experimental veri- 
fication. 

A possible alternative to direct gen- 
eration and observation of zero sound 
has been suggested by Abrikosov and 
Khalatnikov (6, 42). They proposed 
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that the velocity of zero sound could 
be deduced from observation of the 
intensity of satellite lines in Rayleigh 
scattering of light from the liquid. How- 
ever, they estimate that, even for liquid 
temperatures of 0.01°K, light of wave- 
length well into the ultraviolet region 
would be required to produce an ob- 
servable effect. 

If it is possible to propagate zero 
sound in the liquid, the propa:ation 
would be possible even at T = O0°K. 
Therefore, one would conclude that at 
the lowest temperatures there must be 
Bose excitations such that the excitation 
energy e is given by: 


e€=Cop (6) 


where c, is the zero sound velocity and 
p is the excitation momentum. This, as 
in liquid He*, would give a T* contribu- 
tion to the specific heat. Numerical 
estimates (6, 39) give c, ~ 2 X 104 
cm/sec, so that the contribution to the 
specific heat would be small compared 
with the linear term (29). Therefore, 
the neglect, to date, of this Bose term 





in thermodynamic considerations should 
not have introduced significant error. 
One of the interesting features of the 
thermal excitations of the degenerate 
Fermi liquid is that with increase in 
density of the liquid the effective mass 
m* should increase; this would mean 
that the specific heat and entropy at 
constant temperature should increase 
with increasing pressure. This behavior 
was first tentatively predicted from the 
measurements of susceptibility under 
pressure (34), which showed that at 
constant temperature the susceptibility 
became closer to its Curie value as the 
pressure was increased, and in 1957 
the theory of Brueckner and Gammel 
(31) predicted this effect quantitatively. 
Recently measurements have been made 
on the specific heat of liquid He* as a 
function of pressure by Brewer, Daunt, 
and Sreedhar (29), and our results, 
together with measurements of the ex- 
pansion coefficient by Brewer and Daunt 
(43), have been used to compute the 
entropy of the liquid as a function of 
T and p. Experimental evaluation of 





the expansion coefficients was necessary 
in order to compute entropies of com- 
pression. It is unnecessary to give here 
in detail the methods of computation. 
The results are presented in Fig. 6. It 
may been seen that in the low-temper- 
ature region the entropy does in fact 
increase with increasing pressure. Only 
at a very much higher temperature does 
the more normal negative sign of 
(0S/dp) 7 become evident. At the lowest 
temperature where the entropy is a 
linear function of temperature, this 
pressure effect can be conveniently de- 
scribed in terms of the effective mass 
m*, and Fig. 7 shows the value of 
m*/m as a function of the mean dis- 
tance between atoms, both according 
to these experimental results and as 
computed by Brueckner and Gammel. 
Since the only experimental data in- 
serted into the theory was the inter- 
atomic potential between free atoms, 
the general agreement between theory 
and experiment is noteworthy. 

For temperatures above the linear 
specific-heat region of the Fermi liquid, 














T T T T T 
_——s 
2-0F ase nn al 
a 
So rb ~ 
Mv 1-5 
a 
_ 
$ Ye 
7M 
a 1.0+ 4 
Oo 
a E 
.) D B 
fc o W/-A 
= i 
Lu YW; 
0-5 iy E 
Wy 
4) 
uf 
Wh 
yi! 
a! 
f 
O 1 l l i l L 
O 0-2 0:4 0-6 0-8 1-O 1-2 


TEMPERATURE (°K) 


Fig. 6. Entropy of liquid He® as a function of temperature at various pressures [from the work of Brewer and Daunt (43)]. Curve 
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the nature of the thermal excitations has 
not been investigated theoretically in 
any detail except in the work of Gold- 
stein (44). The experimental results 
on the specific heat (29) in this region 
are presented in Fig. 8. In the figure 
the ratio of experimentally observed 
specific heat C to the specific heat of 
an ideal Fermi gas C, having the same 
number density at each temperature and 
pressure is plotted as a function of tem- 
perature for a variety of different pres- 
sures. It will be seen that at the lowest 
temperature C/C, increases rapidly with 
increasing pressure, as is evident also 
in Fig. 7. At higher temperatures C/C, 
appears to reach values which are in- 
dependent of pressure and which are 
less than 1. This does not necessarily 
mean, however, that m* is less than 1, 
since terms involving (d@m*/¢T) may 
be of importance. 

The broad features of liquid He* 
which have now been observed experi- 
mentally give a firm basis for regarding 
liquid He* as a degenerate Fermi liquid 
near 0°K, and the linear variation of the 
specific heat with temperature at the 
lowest temperatures allows us to make 
an interpretation concerning the thermal 
excitations. There remain, however, 
many problems requiring both experi- 
mental and theoretical investigation. 
From the experimental point of view 
it is clear that considerable effort should 
be made to extend the measurements of 
both specific heat and magnetic suscep- 
tibility to much lower temperatures, 
especially for the liquid under pressure. 
Such investigations would not only 
establish more precisely information 
which at the moment is based on ex- 
trapolation but would also explore more 
fully the question of the occurrence of 
superfiuidity. Although the evidence 
that exists today on the superfluidity 
question points strongly to the assump- 
tion of complete absence of superfluidity 
in this rare isotope of helium, a firmer 
experimental conclusion on this is de- 
sirable. Experimental information on 


Fig. 7 (top). Variation of m*/m at 0°K 
with interatomic distance for liquid He’. 
B & G, theory of Brueckner and Gammel 
(31); Exp, experiments of Brewer and 
Daunt (43). The arrows indicate the 
points corresponding to the saturated vapor 
pressure. Fig. 8 (bottom). The ratio 
C/Cy versus temperature, where C is the 
specific heat of liquid He* [from the work 
of Brewer, Daunt, and Sreedhar (see 29)] 
and Cy is the specific heat of an ideal 
Fermi-Dirac gas of the same density as 
the liquid. Curve A, p = 6 to 14 cm-Hg; 
curve B, p= 5 atm; curve C, p = 10 atm; 
curve D, p = 25 atm. 
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other properties is necesary to provide 
a more detailed picture of the liquid. 
Measurements of the viscosity and 
thermal conductivity at very low tem- 
peratures would provide useful informa- 
tion. The predicted unusual behavior of 
sound propagation in the liquid at very 
low temperatures is of particular inter- 
est, and measurements of high-frequency 
sound propagation and attenuation at 
extremely low temperatures would be of 
great value, together with possible ex- 
periments on scattering of light. The 
fact that many of the critical experi- 
ments involve measurements at temper- 
atures reached only by magnetic cooling 
provides a technical challenge which is 
being taken up today in many institu- 
tions specializing in low-temperature 
physics. 
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Oxygen Transport through 


Hemoglobin Solutions 


How does the presence of hemoglobin in a wet membrane 
mediate an eightfold increase in oxygen passage? 


Evolution from single cells to or- 
ganisms is linked intimately with the 
development of a circulatory system. 
Without this, both size and activity 
would be severely limited by the slow- 
ness of diffusion. But even with a cir- 
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culatory system, oxygen transport 
would be: hampered by still another 
“unfitness of the environment”—name- 
ly, the very low solubility of oxygen in 
water. This difficulty was overcome by 
the evolution of oxygen-carrying pig- 
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ments, which when circulated to the 
tissues could carry many times more 
oxygen than can water alone. 
Oxygen-carrying pigments appeared 
not only in blood, however, but also 
in a vast area where visible means for 
transport of the pigment is lacking— 
namely, as myoglobin in the muscle 
system. Here it is found within the 
muscle cells, providing, so to speak, 
the last leg of the supply line to the 
oxygen-needy contractile machinery. 
But: how could this myoglobin enhance 
oxygen transport unless it were circu- 
lated within the cell? Simple diffusion 
could hardly be aided by the pigment. 
It is true enough that the increased 
oxygen capacity could help to smooth 
out a fluctuating demand, as demon- 
strated by Millikan (/), but could it 
possibly also be that the pigment might 
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serve as a specific conveyor belt for 
oxygen, enhancing its rate of delivery? 

If we turn from a normally aerated 
environment to habitats of low oxygen 
tension we find that many animals 
develop high concentrations of oxygen- 
carrying pigments. One may mention 
mud-dwelling worms or insect larvae 
(chironomids), certain crustaceans in 
stagnant pools (Daphnia), intestinal 
nematodes and maggots (Ascaris and 
Gastrophilus), and many mammals ex- 
posed naturally or experimentally to 
high altitudes. And again we are drawn 
to the fundamental question: Is it pos- 
sible that an oxygen-carrying pigment 
can enhance oxygen transfer through 
a stationary solution? 

A great deal of penetrating experi- 
mental and theoretical work has been 
done to elucidate the kinetics of situa- 
tions where oxygen, carbon monoxide, 
and other gases load and unload hemo- 
globin solutions (2). Unfortunately, 
however, this approach is not so suit- 
able if one wishes specifically to study 
what happens in a pure steady-state 
situation, since the capacity factor can 
easily obscure the steady-state events. 

The primary aim of the investiga- 
tion under discussion has been to find 
out what happens when air diffuses 
through human hemoglobin solutions. 
Complications from oxygen capacity 
or storage have been eliminated by ad- 
hering strictly to steady-state condi- 
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tions. It is shown below that the rate 
of oxygen transport may indeed be en- 
hanced by the presence of hemoglobin, 
and a few preliminary experiments on 
myoglobin and other pigments indicate 
that the phenomenon may have wider 
applications (3). 


Methods 


Principle. Moist air at various pres- 
sures is diffused through a Millipore 
membrane charged with a hemoglobin 
solution; on the other side of the mem- 
brane a moist vacuum is maintained. 
When a steady state is reached, the 
amounts of oxygen and nitrogen gas 
coming through the membrane in a 
measured time interval are analyzed. 
With the nitrogen values as a base line, 
the oxygen transport can be calculated. 

Instrumentation. The diffusion ap- 
paratus (Fig. 1) consists of a diffusion 
chamber which may be divided into 
two compartments by a wet Millipore 
filter. The membrane rests on a stain- 
less-steel grid. The upper compartment 
is connected to a vacuum gauge and a 


glass-stoppered vent tube (D); the 
lower compartment, to the vacuum 
chamber by means of a2 taper joint. 


Each compartment is kept moist by a 
piece of wet filter paper. 

The vacuum chamber is a 300-ml 
mercury reservoir connected through a 
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Apparatus for steady-state diffusion. 


gas trap and stopcock to the leveling 
bulb. The chamber has one wide-bore 
(5-mm) stopcock (A) to the diffusion 
chamber and a regular one of narrower 
bore (B) to the vacuum line. The up- 
per end of the vacuum chamber ter- 
minates in a 1-mm-bore capillary and 
cup which can be closed under mer- 
cury by inserting into it a polyethylene- 
tipped wire plug. The capillary carries 
a movable millimeter scale to meas- 


. ure the total amount of gas. 


Gas is transferred to the micro gas 
analyzer by means of a micro syringe. 
This is made from a glass tube of 2 mm 
inside diameter fitted with a fine poly- 
ethylene tip and a wire plunger. The 
latter is made airtight by means of a 
piece of polyethylene tubing which is 
flared at the end by heating slightly. 
This micro syringe is filled with mer- 
cury, and the gas is always protected 
by mercury during handling. From this 
pipette the gas is introduced into the 
micro analyzer (4). 

The Millipore membrane (HA 
grade) holding the hemoglobin solution 
has a porosity fine enough so that air 
pressure of 1 atm will not break the 
capillarity. This filter, which is 0.15 
mm thick, has about 80 percent space 
for the liquid. 

Procedure, The basic data were ob- 
tained from heparinized human blood. 
The cells were washed twice in 0.9 
percent saline and hemolyzed by re- 
peated freezing and thawing. The ox- 
ygen capacity of the hemoglobin so- 
lutions was determined by the syringe 
method (5). 

To saturate the dry Millipore mem- 
brane with the hemolyzed cell solution, 
it is placed on top of the solution until 
it is soaked through, whereupon 
it is submerged. It is then blotted on 
both sides and placed on the grid of 
the lower half of the diffusion cham- 
ber, which is kept moist by a ring of 
wet filter paper. The upper half, also 
carrying a wet filter paper, is screwed 
vacuum-tight onto the lower half with 
the wet membrane in between. A wide 
rubber band prevents evaporation from 
the crack. The chamber is put on the 
taper joint of the vacuum chamber, 
which is stoppered by the plug, and 
evacuated through B. B is closed, A 
is opened momentarily, and the cham: 
ber is again evacuated through B. This 
process is repeated twice, and the aif 
pressure on the membrane is adjusted 


to the desired level through screw 


clamp C and vent D. 
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Diffusion of gases now proceeds 
from the upper air compartment 
through the membrane and into the 
wide-bore channel to the vacuum cham- 
ber. The time of diffusion is clocked 
by means of a stop watch, and the 
amount of gas which has moved 
through the membrane is periodically 
checked by closing off the diffusion 
chamber at stopcock A, letting the 
mercury rise, and measuring the 
volume of the gas bubble in the capil- 
lary. Twenty cubic millimeters of gas 
suffice for an accurate determination 
of the quantity as well as the compo- 
sition. 

The gas transfer is executed with the 
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Fig. 2. Diffusion of air through hemoglo- 
bin solutions of three concentrations. 
Curve 1/1 represents oxygen capacity of 
22.9 volumes percent; the other curves 
represent oxygen capacity of % and %4 
this amount, respectively. Horizontal line, 
0./Nz ratio through plasma; lower diag- 
onal line, rate of oxygen diffusion through 
plasma; three dashed parallel lines, rela- 
tive rates of oxygen transport calculated 
from the corresponding O./N. data; 
shaded area, water-vapor tension. 
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gas pressure in the capillary slightly 
below atmospheric pressure. The plug 
is removed and quickly replaced by the 
mercury-filled transfer pipette. The gas 
is drawn up into this and is followed 
by mercury, whereupon the pipette is 
removed and replaced by the plug. The 
gas sample is now transferred to the 
cup of the analyzer containing alkaline 
citrate, and the oxygen and nitrogen 
are determined by absorption in the 
conventional way (4). 

Successive samples are analyzed un- 
til the O:/N: ratio becomes constant— 
that is, until the oxygen content of the 
filter is constant. Under the least favor- 
able conditions (high pressure and high 
hemoglobin concentration) the mem- 
brane contains initially, at most, some 
14 to 20 mm* of oxygen, but diffusion 
then proceeds so quickly that some 6 
to 8 times this amount goes through 
before final sampling. At low pressures 
the membrane holds less than 1/20 of 
the amount analyzed. 


Results 


Diffusion of air through a membrane 
charged with water. The rate of simple 
gas diffusion through a membrane is 
proportional to the pressure difference 
and solubility of the gas and is in- 
versely proportional to the square root 
of the molecular weight. When air dif- 
fuses through a layer of water, the 
steady-state ratio of oxygen to nitro- 
gen should accordingly be 49.0 per- 
cent at 24°C and 48.7 percent at 26°C. 
In actual fact, our figures for air dif- 
fusing through water held in a Milli- 
pore filter or a dialyzing membrane 
come out as 56 + 1 percent at all pres- 
sures. The reason for this quite sub- 
stantial deviation from the theoretical 
value is not known, but it may be that 
a slight diffusion through the membrane 
substance itself and its 30 percent or 
so of bound water would favor the 
oxygen. The oxygen-nitrogen ratio was 
unchanged by charging the filter with 
a lampblack suspension or by using the 
VF grade Millipore filter; both of these 
procedures give a higher filter-to-water 
ratio. The same figure was also obtained 
by diffusing air through blood plasma 
and methemoglobin solutions (see Figs. 
2-4). 

In all cases, the total (and partial) 
amount of the gases diffusing through 
was proportional to the pressure (Fig. 
5). 





Oxygen transport through hemoglobin 
solutions. Typical curves for oxygen 
transport through hemoglobin solutions 
are given in Fig. 2. The basic curve 
(1/1) was obtained from a hemoglobin 
solution with an oxygen capacity of 
22.9 volumes percent. It will be seen 
that the O:/Nz ratio at air pressure of 
1 atm is 95 percent instead of 56 per- 
cent as it is in water or plasma. The 
ratio increases rapidly with lowering 
of the air pressure, reaching over 400 
percent at 1/12 atm. But when the rate 
of nitrogen diffusion is calculated from 
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Fig. 3. Diffusion of air through two he- 
moglobin solutions of the same concentra- 
tions (O. capacity, 15.8 volumes percent) 
but with different pH’s. Horizontal line, 
O./Nz ratio of diffusion through a met- 
hemoglobin solution; lower diagonal line, 
rate of oxygen diffusion through water; 
two parallel curves, relative rates of oxy- 
gen transport calculated from the O./Ne 
values; shaded area, water-vapor tension. 
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the total gas volume and the O:/N: ratio, 
we find that it is always proportional to 
the pressure (Fig. 5). Two things fol- 


low: (i) the increased O2/Ne ratio is 
exclusively caused by an increased rate 
of oxygen transport, and (ii) the oxy- 
gen transport is proportional to the 
product of O:/Ne and Ap, where Ap is 
the diffusion pressure. 

This enables us to calculate the rela- 
tive rate curves for oxygen transport 
in Fig. 2. It will be seen that the trans- 
port rates through hemoglobin in all 
three dilutions are parallel to the dif- 
fusion rate through water—that is, 
numerically the oxygen transport is the 
result of two additive processes, the 
one, plain diffusion through the water, 
the other, a specific transport mediated 
by the hemoglobin. The latter rate re- 
mains constant over a large gradient 
of oxygen pressures. This simple re- 
lation holds quite precisely for all cases 
investigated, with various concentra- 
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Fig. 4. Diffusion of air through (i) whole 
blood (O. capacity, 21 volumes percent) 
hemolyzed by HA membrane, and (ii) 
washed cells smeared on the under side 
of a dry VF Millipore filter. Horizontal 
line, O./Ne ratio through water; lower 
diagonal curve, rate of oxygen diffusion 
through water; parallel curves above this, 
relative rates of oxygen transport cal- 
culated from the O./Nez data; shaded area, 
water-vapor tension. 
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tions of hemoglobin or _ diffusing 
through intact red cells (Figs. 2-4). 

Figure 3 shows the effect of pH on 
the same hemogtobin solution. The only 
significant difference appears at the 
very lowest pressure—namely, 1/12 
atm where the transport drops off 
in the acid sample but keeps on un- 
diminished in the alkaline sample. 

As would be expected, the hemo- 
globin concentration has a marked ef- 
fect on the oxygen transport. In Fig. 2 
the decrease in specific transport was 
proportionately less than the dilution 
of the hemoglobin. At half strength 
the rate of transport was reduced to 
62 percent and at quarter strength, to 
39 percent. When the concentration 
was doubled there was a marked in- 
crease in viscosity and a decrease in 
the rate of oxygen transport. The rate 
of nitrogen diffusion through this so- 
lution also dropped, and this finding 
implicates the high viscosity as the 
cause (2, 6). 

The retarding effect of increased vis- 
cosity was demonstrated by adding 10 
percent of gelatine to the hemoglobin 
solution, which was enough to make it 
solidify. This almost halved the specific 
rate of oxygen transport by the hemo- 
globin but hardly affected the nitrogen 
diffusion. 

Oxygen transport through red cells. 
In these experiments the washed red 
cells were smeared on either the upper 
or the lower side of the finest Millipore 
filter (VF grade). It will be seen from 
Fig. 4 that the oxygen transport was 
almost doubled at pressure of % atm. 
When this procedure was tried on a 
regular HA filter, the capillary forces 
in the filter ruptured the blood cells 
and the hemoglobin solution came 
through on the other side. This did 
not happen on a VF filter, and when 
the filter was soaked afterward in iso- 
tonic saline there was little, if any, 
evidence that hemolysis had taken 
place. It is therefore indicated that the 
transport effect displayed by hemo- 
globin solutions is also operative in 
the intact red cell. 

Oxygen transport through myoglobin 
and other pigments. A_ preliminary 
study was made on oxygen transport 
through a myoglobin solution. This 
was prepared from the very dark pec- 
torals of a California sea lion. Thin 
slices cut across the fibers were re- 
peatedly washed in isotonic saline so- 
lution and wrung in a dry towel. The 
amount of blood left after this pro- 


cedure is very small compared to the 
high concentration of myoglobin. The 
slices were passed through a _ meat 
grinder and repeatedly frozen and 
thawed, and the macerate was ground 
under a few milliliters of water in 
a mortar and centrifuged. The fluid 
was passed through an HA Millipore 
filter. 

This solution at an air pressure of 
Ys atm gave initial O2/Ne ratios of 
100 percent and 87 percent—that is, 
there was a substantial oxygen enhance- 
ment. After a few hours, and contrary 
to the finding for hemoglobin solutions, 
the ratio dropped to that of water. Al- 
though this is an unstable preparation, 
it demonstrates that myoglobin in vitro 
is capable of implementing a potent 
steady-state oxygen transport. 

A marine sand-dwelling worm, Thor- 
acophelia, when cut into pieces and 
centrifuged, yielded a deep red solu- 
tion with an oxygen capacity of 5.3 
volumes percent. This mixture of blood 
and body liquid yielded large amounts 
of CO:, together with oxygen and 
nitrogen, but nevertheless showed some 
12- to 15-percent enhancement of the 
oxygen transport when measured at 
air pressures of 1/6 or 1/12 atm. In 
view of the loss of oxygen in the mem- 
brane, these are clearly minimum 
figures. 

Hemolyzed red cells from fish blood, 
—mackerel, with an O: capacity of 12.1 
percent and yellowtail (Seriola dor- 
salis), with a higher Os capacity— 
showed an enhancement of 100 per- 
cent at air pressure of % atm in the 
mackerel and 110 percent in the yel- 
lowtail. 


Discussion 


We have observed a steady-state rate 
of oxygen transport which can be at 
tributed to the added effects of two 
simultaneous processes: one, a diffu- 
sion through the solvent; the other, a 
transport specifically dependent upon 
hemoglobin. The latter proceeds at a 
constant rate over a wide range of 
pressures and depends upon the kinet 
ics and oxygen-binding properties of 
the hemoglobin molecule. 

It therefore seems that when a tension 
gradient of oxygen is imposed upon 4 
hemoglobin solution, oxygen molecules 
are handed down from one hemoglobin 
molecule to the next in a chain or 
“bucket-brigade” fashion. Provided the 
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“buckets” are emptied at one end and 
filled at the other, a steady-state system 
is set up which results in facilitation of 
oxygen transport through the chain (see 
Fig. 6). 

The steady-state situation requires 
that the oxygen tension at any level 
between the upper and lower surfaces 
of the membrane remain constant. 
Above, it is near the tension of the gas 
phase; below, it is near zero. The oxygen 
saturation at various levels is deter- 
mined by the oxygen dissociation curve, 
but the exact relations are here imma- 
terial as long as conditions remain con- 
stant. One may tentatively assume that 
a linear tension gradient exists and that 
the hemoglobin loses is first oxygen at 
air pressure of approximately % atm, 
its second at % atm, and its third at 
1/12 atm. Near the lower surface only 
the fourth molecule remains attached 
to the hemoglobin (Fig. 6). This is the 
one which jumps off into the vacuum 
and which is then replenished from the 
hemoglobin chain above. The maximum 
rate at which the chain can keep the 
oxygen moving evidently depends upon 
the constant kinetic motion of the 
hemoglobin molecules, for the rate of 
oxygen transport via this route is con- 
stant and independent of the oxygen 
gradient. 

hat a rate-limiting factor is located 
at the vacuum end of the chain is indi- 
cated by the pH effect. It was found 
that an increased affinity for oxygen— 
that is, a high pH— is able to maintain 
the transport unimpaired at very low 
pressures, whereas lowering of the pH 
slowed it down. A glance at the last 
column of Fig. 6 will show that at low 
pH and a pressure head of % atm, the 
lower half of the chain gets increasing- 
ly disrupted by completely reduced 
hemoglobin molecules, and we may as- 
sume that as a consequence of this the 
delivery slows down. 

If the head of pressure is only 1/12 
atm to begin with, one would expect a 
great number of void (unoxygenated) 
molecules in the lower part of the chain, 
even at high pH; nevertheless, oxygen 
was delivered at full rate. This seems to 
weaken the explanation of the pH effect 
just mentioned, unless possibly another 
factor entered—namely, back pressure 
of oxygen. From the lower surface of 
the membrane into the vacuum cham- 
ber is a long way for oxygen to go, 
and this simple diffusion depends, of 
course, upon a concentration gradient. 
It is possible that the oxygen back pres- 
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Fig. 5. Rate of nitrogen diffusion through 
various concentrations of hemoglobin. 
Curve 1/1 represents oxygen capacity of 
22.9 volumes percent; the other curves 
represent fractions of this amount. Ordi- 
nate = vol/min. 


sure built up sufficiently to keep the 
chain saturated to the very end. This 
raises a fundamental question: If the 
low-pressure side were raised deliber- 
ately, would the transport system still 
work? The answer can be obtained 
only by the use of a different technical 
approach. 

What then, one may wonder, is the 
possible biological significance of this 
oxygen-specific, steady-state, enhanced 
rate of oxygen transport? 

It will be seen from the various ex- 
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Fig. 6. Schematic presentation of possible 
mode of oxygen transport via hemoglobin 
molecules. Solid circles, oxygen mole- 
cules; open circles, hemoglobin molecules. 






periments in vitro that the oxygen trans- 
port mediated by human hemoglobin 
may dominate straight diffusion by a 
factor of 8 or more at low pressures 
and can at full atmospheric pressure 
almost double the rate. The effect has 
also been demonstrated in intact red 
cells, and it is possible, although this 
has not been demonstratéd, that it plays 
a role in their normal gas exchange, 
even when the low-pressure side is not 
zero. 

More relevant, however, is the phys- 
iological implication of the role of 
enhanced rate of oxygen transport in 
the case of myoglobin. One may visual- 
ize a system which in addition to its 
storage function would grease, so to 
speak, the oxygen transfer from the 
blood in the capillaries into the meta- 
bolic machinery of the muscle fiber. 
Such a transport would be enhanced 
even more if the myoglobin were mo- 
bile within the muscle celis, somewhat 
like water in a sponge, rather than held 
in a viscous medium. But whatever is 
the case, muscle contractions would 
undoubtedly favor the transport. 

It was found that sea lion myoglobin, 
indeed, enhances oxygen transport in 
vitro. The increase in hemoglobin and 
sometimes in myoglobin observed in 
many high-altitude mammals fits well 
into this same line of argument, and 
the same holds true also for those 
larvae, worms, intestinal parasites, and 
other animals which live under low 
oxygen tension and harbor red hemo- 
globin-like pigments. A _ steady-state 
transport effect of the blood pigment 
from one such worm has indeed been 
demonstrated. 


Summary 


A study has been made of steady- 
state diffusion of air at various pres- 
sures through hemoglobin solutions. 
Whereas nitrogen diffused in proportion 
to the pressure, the rate of oxygen 
transport was greatly enhanced and 
seemingly proceeded by means of two 
processes which are additive. One is a 
regular diffusion through the solvent 
(water), which is proportional to the 
pressure; the other is a specific. trans- 
port mediated by the hemoglobin mole- 
cules. The rate of the latter is constant 
over a wide pressure range, and the 
process may at low tensions transport 
over eight times more oxygen than does 
straight diffusion. Preliminary studies 
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have established that myoglobin and 
a few other pigments in vitro have the 
same property. 
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Changing Environment of 


Zoological Research 


The era of abundance in funds and transportation 
opens new vistas for research and exploration. 


When an ecologist studies the rela- 
tions between the species of animals and 
plants in a given type of environment, 
he tries to measure, as far as he can, 
the various external factors, but at the 
same time he is aware of the fact that 
the degree or the speed of reaction to 
these factors varies individually within 
more or less specific limits for each 
species. Obviously, the more responsive 
individuals will be either helped or 
harmed, by any external change, to a 
greater degree than the less responsive 
ones, but, by and large, the ecologist 
comes to assume a mean response for 
each species and then proceeds to treat 
all the individuals of that species as 
essentially alike. Similarly, in this at- 
tempt to survey the present environment 
in which we work, I assume an average 
zoologist, if there be such a person, and 
pay attention to the environment in 
which he goes through the motions and 
activities inherent in being a zoologist. 

The old, traditional concept of the 
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scholar or the research worker is that 
of a relatively solitary individual, 
plodding along with his studies and 
only too glad to be left alone to pursue 
them. For many years, for centuries 
even, in the early history of science, the 
scholar was considered to be possibly 
quite interesting, but neither a direct 
contributor to the welfare of mankind, 
nor actually harmful. It was only when 
it began to be realized generally that no 
knowledge was without potential value 
that society began to pay an increasing 
amount of attention to the individuals 
engaged in extending the limits of 
knowledge. There is no need to trace 
the details of this historical change of 
attitude from the time of the Renais- 
sance, when scholars were still the 
protégés of powerful and enlightened 
princes and dukes and even of lesser, 
local VIP’s, so we may jump to the 
situation as it was in our own experi- 
ence a generation or two ago, limiting 
the picture to the zoological portion of 
the scientific panorama, and comparing 
that situation with the present one. 
The situation as it was then was far 
more favorable for the prosecution of 
zoological work than it had been at 


6. A. Klug, F. Kreuzer, and F. J. W. Roughton 
[Helv. Physiol. et Pharmacol. Acta 14, 121 
(1956)] exposed thin films (0.1 by 45 mm) of 
reduced hemoglobin solutions to oxygen pres- 
sure of 0.9 atm and studied optically the 
oxygenation rate. On comparing their findings 
with earlier determinations of nitrogen diffu- 
sion (diffusion into a system much less_sensi- 
tive to errors from surface disturbance and 
convection), they estimated an oxygen en- 
hancement of 100 percent at low viscosity 
vanishing at high hemoglobin concentrations, 
This effect, attributed to diffusion of oxyhemo- 
globin, would at a pressure of 0.2 atm amount 
to 450 percent. This is totally out of the range 
of our findings and the effect is seemingly, 
therefore, of a different nature. 


any previous time. There were literally 
hundreds of laboratories in our colleges 
and universities, not all equally well 
equipped or of equal coverage, but still 
capable of training future zoologists and 
of providing, within very variable limits, 
the opportunity for research. Most of 
our major research museums were in 
existence, although their collections were 
far less complete than they are now, 
and library facilities, which have since 
increased greatly in scope and in com- 
pleteness, were generally adequate. 
There were some, but not many, or- 
ganizations from which research grants 
might be obtained, although most of 
these organizations had established fairly 
definite perimeters to their interests. 
Within this setting the hypothetical 
average zoologist went about his work, 
and the results, seen in the perspective 
of 30 years, were good. There was 
little need to do anything other than 
enlarge the facilities and provide oppor- 
tunities for an increasing number of 
people in the zoological field. To judge 
by present conditions there was a more 
leisurely atmosphere then than now. 


Urgency and Research 


At the present time we are faced 
with a tension in the political atmos- 
phere that has unfortunately invaded 
the scientific environment to a danger- 
ous degree. We are expected to do 
research, but with an urgency that has 
no place in research; we must do things 
without delay, lest the Russians antici- 
pate us; we are told that our survival 
depends on our intensity and application 
in scientific work. While this unfor- 
tunate trend may or may not have some 
validity in matters of missiles and other 
defense developments, it has no place 
in many areas of science, including 
zoology. The preachers of urgency for- 
get that research is one of the most 
ennobling forms of human endeavor and 
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that the unfolding and expanding of 
the trained and critically disciplined 
imagination entailed in this activity 
make up one of the most valuable re- 
sults and one of the finest features of 
our culture. To mar this with needless 
haste and with a deplorable spirit of 
competition in place of intellectual co- 
operation is to degrade one of the best 
aspects of the civilization for whose 
survival we are asked to concentrate 
our efforts. 

This unnecessary impatience and 
overvaluation of immediacy has affected 
adversely one element in the research 
environment—namely, time. Time is 
very important—time to think things 
out, time to muse and to ponder over 
the various ramifications and implica- 
tions that emerge from, or that come 
into contact with, the specific problem 
under investigation, either directly or 
tangentially. How often has it happened 
in the experience of many of us that 
some of our best thoughts, some of our 
most pertinent or most searching ques- 
tions, have come only when we were 
writing up the results of an investiga- 
tion and were attempting to see what 
conclusions seemed to be warranted. 
Ideally, the investigator should then feel 
free to go back and take whatever time 
he may need for further work, for col- 
lateral reading, for extensive rewriting 
of his manuscript—he should even feel 
free, if need be, to put his manuscript 
away for months so that he may read 
it again with a fresh eye before sub- 
mitting it for publication. 

The mental processes involved in 
thinking out a sizable problem, in ar- 
ranging masses of new data in a mean- 
ingful sequence, and in interpreting 
them in relation to broader concepts 
are, as I am sure most of us have found, 
not merely a series of logical steps. We 
often experience something almost like 
a flash of intuition that suddenly illu- 
minates the material and the ideas and 
even seems to organize and to arrange 
parts of the contents for us. Of course, 
this is not really merely intuition, but is 
the result of what might be termed 
“mental digestion.” It takes time to 
digest and to assimilate all the discrete 
facts and thoughts, and until this 
assimilation takes place we cannot hurry 
through with a publishable report in 
order to meet an externally arranged 
deadline. Time remains, and always will 
remain, an essential element of the 
environment in which research is done. 
Yet this, too, can be overemphasized, 
and when deadlines prevent this from 
happening, they serve a purpose. But 
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these deadlines must not be allowed to 
cut short investigations that, as they 
develop, are found to require more time 
than was originally estimated. I think 
that, by and large, many of the agencies 
or organizations that grant funds for 
research are aware of this, but there 
still is a tendency to evaluate projects 
in terms of their duration, one particular 
project as a two-year study, another as 
a three-year one. 


Funds for Research 


It is one of the most paradoxical as- 
spects of the current climate of science 
that, whereas formerly the scholar had 
ample time to do his work but often 
had difficulty in getting adequate sup- 
port for it, today he feels under some 
pressure to hurry and even to expand 
his program to make use of the funds 
now available in unprecedented amounts. 
The great growth of available financial 
resources is partly due to the increase 
in the number of foundations making 
grants, but in the past few years it has 
been even more the result of the greatly 
expanded support of science by the fed- 
eral government. The indications are 
that this support will continue and will 
probably increase in scope rather than 
decrease. It is a far cry from the his- 
torical state in which society was slow 
to recognize that all knowledge is useful, 
or at least potentially so, to the present 
state in which it seems to be society’s 
more or less official policy that all 
knowledge is vital and cannot be ac- 
quired too soon. This judgment, 
originally formulated in connection with 
such aspects of physics and chemistry 
as were of possible military application, 
has spread to cover all the sciences. 
As a result, the zoologists, like many 
other groups of scientists, are being 
carried along on the coat-tails of the 
nuclear physicists and chemists. While 
we may get a feeling of exhilaration and 
a sense of importance from this un- 
accustomed speed of travel, I think we 
owe it to ourselves to take stock and 
to do some planning for the trip. 

First, we may look at the possibly 
undesirable side of the picture. Many 
may look askance at the idea of federal 
funds being poured into the support of 
research, not merely in federal agencies, 
but particularly, on either a grant or a 
contract basis, in our universities and 
other private or semiprivate organiza- 
tions. There is still a residual feeling 
that it is not the proper function of 
government to do purely cultural things; 


that if our colleges and universities and 
museums and laboratories cannot afford 
to do them, we as a nation cannot afford 
them either and should not undertake 
them. However, the facts are that as a 
nation we can afford them and the 
government has already entered the field 
on an unprecedented scale, and it seems 
better to live with our conditions and 
make the best possible use of them than 
to retire into ourselves and ignore the 
current environment. Fortunately, as 
shown in C. V. Kidd’s recent book 
American Universities and Federal Re- 
search, the policies governing the ad- 
ministration of federal contracts or 
grants are so arranged as to constitute 
no threat to the freedom of the institu- 
tions whose staff members are involved. 

There is another element of doubt in 
that there is a danger that in a large 
program of federally supported research 
an undue share may be given to projects 
of foreseeable utility—in other words, 
to applied rather than to pure research. 
To us as scientists the great danger in 
applied research seems to be that in 
applied research it is the project that 
is supported, whereas in pure research 
it is the individual. We all are aware 
of the primary importance of the crea- . 
tive mind of the scientist who uses his 
skills, his insight, and his imagination 
in probing for unknown data, and we 
can hardly acquiesce in any plan that 
would make the person subservient to 
the project. At this point I hasten to 
state that many, if not most, of the 
granting agencies, governmental and 
private, are aware of this and make 
serious efforts to prevent it from hap- 
pening. One of the great granting or- 
ganizations, the Guggenheim Founda- 
tion, years ago, at its very inception, 
decided that its grants would be made 
solely to individuals and not to the 
institutions in which the individuals 
were doing their work. The support of 
the creative worker was the foundation’s 
goal, and this goal has been kept in 
mind ever since. The postdoctoral re- 
search fellowships of the National Re- 
search Council, which were established 
in 1923, had an aim that was similar, 
although it was set forth in language 
that suggested that by giving the chosen 
candidates one or two or even three 
years for research early in their careers, 
the urge to continue with research might 
become so well entrenched that it would 
survive the vicissitudes of subsequent 
heavy teaching schedules or other duties 
imposed by the positions in which the 
candidates would eventually find them- 
selves. 
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Now, however, with the rise of other 
foundations, with the involvement of 
the federal government, and with the 
correspondingly great increase in the 
total amount of funds available for re- 
search, there is the danger of a growing 
tendency to emphasize the project, not 
the individual, as the selling point. No 
one, no matter how well established or 
how highly regarded he might be in his 
own special field, would think of writing 
to one of the agencies or foundations 
for support unless he had a definite 
project. Inasmuch as most such organi- 
zations refer all applications to a panel 
of experts for appraisal, it follows that 
the evaluation of the project may easily 
be the deciding factor. It is true that 
a recognized individual favored by the 
panel might get a grant for a minor 
project for which an unknown new- 
comer might be turned down. On the 
other hand, it is also true that the 
project, and especially the argument ad- 
vanced in its support, would, in most 
cases, reveal something of the appli- 
cant’s fitness. 


Geographical Expansion 


Not only is the environment of 
zoological research more _ bountifully 
supplied with financial resources than 
ever before, but it is also of larger 
geographic scope than ever before. The 
great advances in aviation and in avia- 
tion facilities that began with World 
War II and that have increased at a 
constantly accelerating rate ever since 
have made distance and time of little 
account, and so many remote or in- 
accessible places have been opened up 
and provided with airfields that prac- 
tically all parts of the world can now 
be readily reached. Two examples may 
suffice to make this clear. Last October 
I was in Ann Arbor for a couple of days 
and had occasion to talk with some of 
the staff at the Museum of Zoology of 
the University of Michigan about their 
hopes and ideas concerning the possible 
establishment of a field station for 
tropical zoology. In their thinking they 
had more or less narrowed their geo- 
graphical choice to southern Mexico, 
partly because of the relative ease and 
low cost of travel to that area. Yet, I 
was told that one of their advisers, a 
man by no means inexperienced or 
lacking in knowledge of matters in- 
volved in field zoology, suggested that 
they give serious consideration to a loca- 
tion in the interior highlands of New 
Guinea, a place that, until the close of 


592 


World War II, was about as difficult, 
dangerous, and costly (in terms both of 
time and money) to reach as any spot 
on earth. Yet now, with airfields estab- 
lished there, with fairly frequent service 
from Australia, and with the native 
tribes pacified, the rich and wonderful 
fauna of that great island is available 
for study. It is possible to take in equip- 
ment of a bulky sort that would have 
posed real difficulties when the long 
overland voyage had to be made on 
foot, and it is possible for a zoologist 
interested in studying particular crea- 
tures intensively, not just in collecting 
specimens, to go there and work. 

Not long ago I happened to be in- 
volved as an adviser on plans for future 
zoological work in Antarctica in the 
continuing projects that stemmed from 
the IGY program of 1958. In the 
course of the discussions I was asked 
whether I would care to go to Ant- 
arctica for two or three months. When 
I replied that it would hardly be eco- 
nomical for anyone to spend only two 
or three months in a place when the 
travel there and back would take much 
longer than that, I was told that Navy 
flights from Washington to Antarctica 
take three days, and that such flights 
could be arranged without long delays. 
I was told, moreover, that facilities are 
in existence at several spots in that bleak 
continent where a visiting zoologist can 
be put up and where he can do his work 
without the great bother of establishing 
and maintaining a camp. 


Opportunities in Marine Zoology 


The recent first international congress 
of oceanography may be expected to 
result in a great increase of facilities, as 
well as of projects and support, for 
studying the still little known but 
enormously diverse animal life of the 
oceans. Zoologists in university depart- 
ments that include training in inverte- 
brate zoology in their program might 
keep in mind the fact that there will be 
an increased call for specialists on 
marine invertebrates in the near future. 
Marine zoology generally has lagged be- 
hind terrestrial zoology because it is a 
more costly and a less accessible field 
for investigation. There is reason to 
believe that this lag may be lessened, 
possibly more rapidly than would have 
been the case without the impetus 
afforded by the congress. Whereas 
formerly advances in our knowledge of 
the ecology and systematics and life his- 
tories of marine organisms occurred in 


spurts as the findings of. individual 
oceanographic vessels or expeditions 
were reported, today the oceanographers 
have, or plan to have, fleets of ships 
especially designed for oceanographic 
research. Recently the National Acad- 
emy of Sciences announced the appoint- 
ment of a coordinator of United States 
and international activities in connection 
with the forthcoming multination ex- 
ploration of the Indian Ocean. This 
work is being undertaken jointly by 
Australia, Denmark, France, Germany, 
Great Britain, India, Indonesia, Japan, 
the Union of South Africa, the U.S.S.R., 
and the United States. The peak activity 
is expected to occur in 1962 and 1963, 
when 15 or more ships will be in the 
Indian Ocean simultaneously. The Mag- 
nuson bill, due to come up for hearing 
before a congressional committee, is 
another sign of the tremendous new 
interest in the oceans. While it is true 
that the programs involved in all of 
these projects are largely centered 
around the physics and chemistry of 
the seas, marine zoology is certain to 
be advanced very greatly as well. 


Unification in Zoological Study 


The fauna of the world, then, may 
now be studied in the field to a greater 
extent than ever before, and the zoolo- 
gists will have only themselves to blame 
if they do not take advantage of the 
situation. There is an old saying to the 
effect that for every problem in biology 
there is some ideal species in which the 
problem may be more directly ap- 
proached than in others or in which the 
complicating factors are reduced. This 
is particularly true in the fields of 
animal behavior and animal ecology, 
but the saying is also applicable to any 
of those branches of zoological work 
where the animal is studied as an entity. 

This leads us to the next change in 
what I have termed the environment of 
zoological research. Much of the work 
of the experimental laboratories has 
been done, and is still being done, on 
a mere handful of species of animals, 
largely. the pets and parasites of man 
and the commoner marine organisms 
in a relatively small number of fa 
vored localities, such as Woods Hole, 
Friday Harbor, and the Bay of Naples, 
to mention but a few. This is partly 
due to the availability of these spe- 
cies and partly to the fact that it is 
easier to compare new data with old 
when both involve the same organisms 


than when they do not. We all know? 
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that variation is the one invariable rule 
in living creatures, and that animal life 
exists in a truly enormous diversity of 
forms and habits. Yet, in many areas of 
zoology we have built up a science of 
animal studies on the basis of a small— 
a really surprisingly small and, statis- 
tically, almost dangerously small— 
sampling of the animal kingdom. Here 
the talents and knowledge of the special- 
ists within the broad field of zoology, if 
properly used and directed, may become 
factors of great importance. The taxono- 
mists and the naturalists, to use a term 
that is rapidly recovering its original 
prestige after a period of obsolescence, 
are almost the only zoologists sufficiently 
well acquainted with the total fauna of 
the world to be able to suggest which 
other species might be as good as, or 
even better than, those now being used 
for particular studies, or to choose with 
some judgment promising species with 
which to test whether or not some con- 
cepts based on other forms may need 
modification before they are generally 
accepted. Also, the taxonomists, with 
their broad, if possibly superficial, 
knowledge of the world’s fauna, may be 
in a position to see problems against 
this wide evolutionary background to a 
degree not always possible for the ex- 
perimentalist in his laboratory. On the 
other hand, the descriptive zoologist 
frequently has to concern himself with 
facts for the elucidation of which he 
needs the advice and help of the 
physiologist, the geneticist, and the be- 
haviorist. Each group of zoological 
specialists has much to give to each of 
the others, and it is encouraging to note 
that in many fields there is a growing 
realization that we need to know more 
about a given species of animal as a 
whole—about its life history and its 
ecological requirements as well as its 
structure—regardless of whether this 
knowledge is closely or only distantly 
related to the special investigation of, 
let us say, some aspect of its morphology 
or some puzzling behavior or some de- 
tail of its physiological processes. Even 
more significant is the increasing ten- 
dency among the various groups of 
zoologists, geneticists, physiologists, 
anatomists, ecologists, ethologists, and 
taxonomists to look upon all of zoology 
as a single subject and to conclude that 
fragmentation of zoology into isolated 
compartments may be detrimental to 
the isolates and that results so obtained 
may be less of a contribution to the 
field as a whole than might otherwise 
have been the case. 

Those of us who work in the larger 
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research museums are perhaps more 
aware of this than others, because we 
are constantly faced with the problem 
of incorporating the pertinent data and 
ideas emanating from any types of bio- 
logical work into, and thereby improving 
the objective accuracy of, our concepts 
of phylogeny and our systems of classi- 
fication of animals. Many zoologists not 
personally concerned with systematics 
assume that museums are merely de- 
positories, nearly as dead as the speci- 
mens they contain. This is far from 
true, as has been shown by the emana- 
tion from museum studies of data and 
of ideas that have brought to light 
analogies in such diverse fields as 
paleontology and genetics. One might 
as well say that a great library is only 
a cemetery for the thoughts of dead 
authors. It all depends on how the 
materials are used. 


Change and the Zoologist 


In a state of nature animals live their 
lives in fairly close adjustment to their 
environment. When a change occurs, 
either they take advantage of it and 
improve their status,.or they continue 
as before, unaffected by it, or they are 
unable to withstand the change and 
therefore perish. It seems to me that 
zoologists today are in a more favored 
position. First of all, the change is in 
their favor and is not forced upon them; 
they can take it or not, but there is the 
opportunity, as never before, to extend 
and to expand zoological investigations. 
If I have discussed ecological and sys- 
tematic aspects of zoology more than 
other aspects, it should not be assumed 
that these aspects are more favored by 
the changes in the environment of re- 
search. All fields are equally affected. 
Consider, for example, the role of elec- 
tron microscopy in zoological science. 
An electron microscope is a costly piece 
of apparatus, and accordingly, its use 
has been limited to the larger zoological 
laboratories. With the increased support 
of scientific activity it seems reasonable 
to think that more and more institutions 
will be able to add this or any other 
new and promising instrument to their 
equipment for the prosecution of re- 
search, as actual needs are demon- 
strated. Similarly, the new field of 
molecular biology cannot help but be 
advanced rapidly by the great activity 
in molecular physics and chemistry, and 
by the application of the data, methods, 
and instrumentation thereby developed. 

The zoologist today finds himself in 


an environment of abundance and is 
naturally tempted to turn the abundance 
to good account. It would be a great pity 
if these opportunities were not utilized 
as fully as possible, but it would be an 
even greater pity if individual research- 
ers were to be made over into mere 
seekers after the expedient. We owe it 
to ourselves to use our enlarged en- 
vironment effectively without losing our 
individual approaches and our individual 
reflections and contemplations in work- 
ing with the teams we are given the 
chance to create. Teams may amass 
new data, but ideas and interpretations 
still are the product of individual minds. 

I shall close these remarks with a 
purely personal statement of what I think 
may develop in the field of zoology. 
Zoology may develop a broader base 
for its concepts; it may make fuller use 
of the world’s fauna wherever there is 
reason to question whether the presently 
used species are really representative of 
all conditions, or wherever the concepts 
are based on a single or an inadequate 
number of species. Zoologists may be 
able to follow their researches wherever 
the problems may lead them rather than 
cut off their studies when they get to the 
end of their own special techniques and 
knowledge. It should be possible for a 
specialist in any zoological discipline to 
formulate a broad attack on his problem 
and, if need be, to enlist, on a temporary 
basis at least, the services of specialists 
in tangential fields. A good, well- 
thought-out project, either of philo- 
sophical or of more immediate im- 
portance, will find support. Older lines 
of work, still unfinished, should be con- 
tinued and completed, even if they do 
not seem to provide the immediate in- 
terest and temporary glamor of new 
ones, because we shall always need this 
basic information. One problem that 
still remains to be tackled adequately is 
that of getting the results of research 
published within a reasonable time. 
Printing costs keep rising, and journals 
are swamped with backlogs of manu- 
scripts, yet the urge to do more and 
more research is constantly with us. 

The zoologists, together with other 
groups of scientists, are in a position to 
take advantage of, and to benefit from, 
the recent impetus for the support of 
science provided in the first place by the 
nuclear and atomic physicists. If the 
world is not first destroyed through 
today’s incredible expansion in the field 
of nuclear studies, we who come in the 
wake of the nuclear physicists will have 
a wonderful opportunity to learn much 
more about it than ever before. 
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Abraham Flexner, Pioneer 


in Educational Reform 


About fifty “years ago, a relatively 
unknown visitor named Abraham Flex- 
ner presented himself in the paneled 
offices of Henry Pritchett, then presi- 
dent of the Carnegie Foundation for 
the Advancement of Teaching. He had 
come for an interview at Pritchett’s 
request. If someone had warned Flex- 
ner that the interview was to be the 
beginning of the end for old-style medi- 
cal education, he would have been 
astounded and baffled. 

Although not nationally known, the 
visitor was not without reputation. He 
had founded and presided over one of 
the most distinguished preparatory 
schools in the South and was the 
author of a book entitled The Ameri- 
can College. He was the brother of 
Simon Flexner, the brilliant director of 
the Rockefeller Medical Institute. 

Pritchett lost no time in coming to 
the point. He proposed that Abraham 
Flexner undertake a survey of Ameri- 
can medical schools. Flexner, whose 
own training was in the classics, was 
astounded. He suggested that Pritchett 
must have him confused with his 
brother Simon. Pritchett shook his 
head. He wanted someone from outside 
the medical profession; he had read 
Abraham Flexner’s book on the Ameri- 
can college and knew that he had found 
the man he wanted. Flexner finally 
agreed to undertake the task. 

Simon Flexner once described the 
first medical school he attended in 1887 
as “a school in which the lecture was 
everything. Within the brief compass 
of four winter months, the whole medi- 
cal lore was unfolded in discourses fol- 
lowing one another in bewildering 
sequence .. .; and lest the wisdom im- 
parted should exceed the _ student’s 
power of retention, the lectures were 
repeated precisely during the second 
year at the end of which graduation 
with the degree of Doctor of Medicine 
was all but automatic.” 

The medical proprietary school had 
multiplied rapidly in the second half of 
the 19th century, and only a fraction 
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of the profit of these schools went to 
further medical education. English 
medical journals at the close of the 
19th century referred repeatedly to the 
low quality of the American medical 
degree. The distinguished British sur- 
geon Sir William Macewan of Glasgow 
had so little faith in American medicine 
that when he -was offered an appoint- 
ment by Johns. Hopkins University he 
stipulated that he be allowed to bring 
his whole staff of nurses. Johns Hopkins 
withdrew the offer. 

Pritchett’s selection of Flexner to do 
the study was an unconventional and 
inspired choice. Flexner was entirely 
without the obvious qualification of a 
medical background. All that he had 
was a razor-edged mind, fierce in- 
tegrity, limitless courage, and the ca- 
pacity to express himself clearly and 
vividly. And that proved to be enough. 

After a period of careful study and 
preparation, Flexner visited over 150 
medical schools throughout the United 
States and Canada. His report was 
published in 1910 as Bulletin No. 4 of 
the Carnegie Foundation for the Ad- 
vancement of Teaching. 





Abraham Flexner (1866-1959) 


What did he find? He found that the 
entrance requirements were enforced 
in only ten of the medical schools in 
this country. He found that 140 of the 
schools had libraries that were inade- 
quate or had none at all. He found that 
in 139 of the schools laboratory courses 
for the first and second years were 
deplorably equipped and poorly con- 
ducted. In one medical school, in 
Salem, Washington, Flexner asked the 
dean if the school possessed a labora- 
tory. “Surely,” was the reply, “I have 
it upstairs; I will bring it down to you.” 
And the helpful dean “went up and 
brought down a small sphygmograph.” 

There had been an overproduction 
of uneducated and ill-trained medical 
practitioners by commercial schools, 
many of which were promoted by bla- 
tant advertising. In many cases, univer- 
sities allied themselves with medical 
schools “without making themselves re- 
sponsible for the standards of the pro- 
fessional schools or for their support.” 
Many medical schools provided no hos- 
pital facilities whatever. Students came 
to the schools shockingly unprepared. 

Flexner urged wholesale reduction of 
commercial medical schools and a dras- 
tic upgrading of standards. The report 
did not deal in generalities. It named 
names. Words such as “disgraceful” and 
“shameful” were freely applied. The 
city of Chicago with its 14 medical 
schools was described as “the plague 
spot of the country.” 

As everyone knows, the study led to 
a revolution in American medical edu- 
cation. 

In 1913 Abraham Flexner joined the 
General Education Board, and for 15 
years played an extraordinary role in 
helping to finance the revolution which 
he himself had touched off. He distrib- 
uted some $50 million of Mr. Rocke- 
feller’s money, and in the course of 
doing so he raised an estimated $600 
million from other sources for medical 
education. 

Referring to Flexner’s extraordinary 
skill in extracting money from wealthy 
citizens for good causes, George East- 
man once said in jest that he was “the 
worst highwayman that ever flitted into 
and out of Rochester.” He spoke feel- 
ingly. Flexner had succeeded in getting 
him to put up $5 million for the Uni 
versity of Rochester Medical School. 

When Flexner “retired” in 1928 it 
might have been assumed that all the 
great chapters in a full life had been 
written. But one of the most important 
was yet to come. In 1930, Louis Bam- 
berger and his sister, Mrs. Felix Fuld, 
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contributed $5 million to establish the 
Institute for Advanced Study, and 
Abraham Flexner was chosen as the 
first director. It was not a surprising 
choice. The plan for the institute was 
Flexner’s and grew out of ideas de- 
veloped in his book Universities— 
American, English and German. 

The first professor he approached 
for appointment at the institute men- 
tioned a salary figure which Flexner 
thought quite inappropriate. It was too 
low, he insisted, and he named a 
higher figure. The professor—Albert 
Einstein—gave in gracefully. 

Flexner’s early life offers a stirring 
record of humble beginnings, intense 
family devotion, and courageous re- 
sponse to economic hardship. His par- 
ents had emigrated from Bohemia in 
1855, 11 years before Abraham was 
born. After years of struggle and 
moderate success, they lost everything 
in the panic of 1873, and the family 
was plunged into a period of severe 
economic deprivation. 

Abraham attended Johns Hopkins on 
funds saved by his older brother, 
Jacob. In 1890 he founded “Mr. Flex- 
ner’s School,” with five students, to 
experiment with his idea that children 


should be taught with a minimum of 
restraint, but with undeviating devotion 
to intellectual standards. Eight years 
later he married Anne Crawford, who 
had been his first girl pupil in the 
school. Anne Flexner later became a 
very successful playwright. Her best- 
known play was Mrs. Wiggs of the 
Cabbage Patch. 

In 1904 Abraham Flexner made a 
courageous decision: he decided to 
close his school in Louisville in order 
to study in Europe. He was 38 years 
old. He was a success in his chosen 
field. After years of straitened circum- 
stances, he was just beginning to enjoy 
some measure of economic well-being. 
Yet he put all of it behind him and 
sought wider horizons. 

From there the path led him to Har- 
vard for his M.A., then to Germany, 
and then to the historic interview in 
Pritchett’s office. 

Abraham Flexner was a man of 
spirit and style. In close personal re- 
lations he was deeply affectionate and 
loyal. In matters of the intellect he was 
forceful, astringent, scornful of com- 
promise, a warrior in behalf of wis- 
dom and virtue as he conceived them. 
He had a sparkling. wit which was 


Science in the News 


Soviet Offers New Version 
of its Quota Plan for 
Checking on Atom Blasts 


In Geneva on 16 February the Soviet 
Union offered the West a plan for 
monitoring a nuclear test ban, which, 
like earlier Soviet proposals, covers all 
tests and limits on-site inspection to a 
small predetermined quota. The latest 
proposal, however, employs criteria 
based on seismographic responses that 
broaden considerably the eligibility for 
inspection of seismic events. 

The Soviet proposal is a reply to the 
plan offered on 11 February by the 
United States, which the Soviet Union 
rejected. The United States, with British 
acquiescence, suggested banning all 
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tests except underground tests below a 
certain size. 

In the new version of its quota plan, 
the Soviet Union, for 2 or 3 years, puts 
aside its own criteria for defining 
suspicious events and accepts criteria 
based on standards recently proposed 
by the United States. The Western 
standards would permit investigation of 
a considerably greater number of seis- 
mic disturbances, to determine whether 
they are earthquakes or secret tests, than 
would the Soviet criteria. During the 
period of 2 or 3 years, Western and 
Soviet scientists would consider further 
the question of setting standards for 
ordering inspection trips. 

The Soviet offer was accompanied by 
a. limitation. Acceptance by the Soviet 





equally effective in the mischievous 
teasing of his friends, the needling of 
those he wished to stir to action, and 
the harpooning of those who won his 
scorn. No one ever said of him that he 
was “comfortable as an old shoe.” More 
appropriate might have been “as in- 
vigorating as a cool breeze.” 

Flexner was an unrelenting critic of 
the slovenly and the meretricious in 
American education. He attacked it 
wherever he saw it, and he saw it in 
many quarters. He fought a holy war 
against slackness, triviality, and educa- 
tional quackery. It is good to know that 
he lived to see the recent rebirth of a 
concern for excellence in American 
education. The authors of The Pursuit 
of Excellence, the Rockefeller report 
on American education, quoted a char- 
acteristic passage from Flexner’s auto- 
biography: “We have to defend the 
country against mediocrity, mediocrity 
of soul, mediocrity of ideas, mediocrity 
of action. We must also fight against it 
in ourselves.” No one accepted that call 
to battle more zestfully than Abraham 
Flexner himself. 

JOHN W. GARDNER 
Carnegie Corporation of New York, 
New York 


Union of Western standards of inspec- 
tion would depend upon acceptance by 
the West of a predetermined quota of 
inspection trips. The size of the quota 
would depend not on such scientific 
questions as an estimate of the number 
of suspicious events to be encountered 
in the course of a year but on political 
questions. In past discussions, the Soviet 
Union has favored keeping such a quota 
“very small.” 


France not Joining Talks 


On 16 February the French Foreign 
Ministry announced that France did 
not intend to join the United States, 
Britain, and the Soviet Union in the 
Geneva discussions. Theoretically, the 
explosion of an atomic bomb in the 
Sahara on 13 February entitled France 
to request admittance to the nuclear test 
suspension talks. 

Also on 16 February the French 
Ministry of the Armed Forces repeated 
its claim that the above-ground atomic 
explosion posed no danger to persons in 
the Sahara or in neighboring African 
countries. France is expected to explode 
at least one more nuclear device at the 
Sahara proving grounds. 
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State Department Names 
Science Officers To Serve Abroad 


The Department of State has an- 
nounced the appointment of six ad- 
ditional scientists for its overseas 
science program. Three of the men 
selected will serve as science officers: 
Earnest Watson (dean of the faculty, 
California Institute of Technology), in 
New Delhi; Neal Weber (professor of 
zoology, Swarthmore College), in 
Buenos Aires; and Harry W. Wells 
(chairman, upper atmospheric section, 
Carnegie Institution of Washington), 
in Rio de Janeiro. 

The other three named will be dep- 
uty science officers: John B. Bate- 
man (biophysicist, United States Army 
Chemical Corps), in London; William 
Littlewood (zoologist and oceanog- 
rapher, United States Navy Hydro- 
graphic Office), in Stockholm; and 
David C. Rife (International Coopera- 
tion Administration adviser to the 
Government of Thailand and former 
professor of zoology, Ohio State Uni- 
versity), in New Delhi. All six will 
assume their new posts within the next 
few months. 

This is the second series of appoint- 
ments to be made for the science pro- 
gram, which is under Wallace R. 
Brode, science adviser to the Secre- 
tary of State. In the first series science 
officers were assigned to United States 
embassies in London, Paris, Rome, 
Bonn, Stockholm, and Tokyo. 


Qualifications and Role 


The science program has become an 
integral part of this country’s foreign 
service. An appointee must have an 
international reputation in science, a 
facility with the language of the coun- 
try to which he is assigned, and a 
knowledge of the status of science in 
that country. In all cases the scientific 
discipline of the deputy complements 
that of the science officer, in order to 
insure more adequate representation 
and coverage of science. 

The deputy science officer assists 
the science officer, whose duties are 
as follows: to advise the ambassador 
and his staff on science matters; keep 
abreast of changes in the organiza- 
tional structure of science in the 
government of the country in question; 
evaluate the interaction of science with 
foreign policy; assess current scientific 
programs abroad; and improve liaison 
between U.S. personnel and foreign 
scientists and engineers. 
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$25,000 Vetlesen Prize Established; 
Ewing First Recipient 


The G. Unger Vetlesen Foundation 
has announced the establishment at 
Columbia University of the $25,000 
Vetlesen Prize for “outstanding achieve- 
ment in the sciences resulting in a 
clearer understanding of the earth, its 
history or its relation to the universe.” 

Maurice Ewing, geophysicist, ocea- 
nographer, and director of Columbia 
University’s Lamont Geological Observ- 
atory, has been selected as the first re- 
cipient. The presentation will be made 
to Ewing on 24 March, at a dinner in 
Columbia’s Memorial Library. The 
principal speaker will be Alan T. Water- 
man, director of the National Science 
Foundation. 

The next day Ewing will deliver the 
first Vetlesen Prize Lecture after a 
luncheon at the Men’s Faculty Club at 
Columbia. A discussion conference will 
follow the lecture. 

Invitations to the award ceremonies 
and conference have been sent to a num- 
ber of the world’s leading oceanogra- 
phers. Their participation is expected to 
make the conference one of the signifi- 
cant meetings of the year in the field. 

Any person in any country may be 
nominated for the Vetlesen Prize, which 
will be made every 2 years provided a 
worthy candidate is presented. In addi- 
tion to the cash prize, the award in- 
cludes a gold medal designed by 
sculptor Sidney Waugh and support 
of publication of the recipient’s papers. 


Ewing’s Work 


Ewing has been a teacher of both 
physics and geology. His work in the 
earth sciences, particularly oceanog- 
raphy, has drawn international atten- 
tion. Among his contributions are his 
pioneering investigations in ocean-bot- 
tom seismic reflection and refraction, 
ocean-bottom photography, precision 
sounding, bottom-sediment coring, grav- 
ity measurements, and the erosion and 
sedimentation properties of turbidity 
currents. 

His work also led to the development 
of the bathythermograph for measuring 
ocean temperatures at various depths, 
and the SOFAR system of position-find- 
ing by means of underwater sound 
transmission. 

The National Aeronautics and Space 
Administration recently assigned to 
Ewing and a group of fellow scientists 
the task of devising a seismograph to be 
landed on the moon for a study of 
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moonquakes. He and Frank Press, one 
of his former graduate students who is 
now head of the Seismological Labora- 
tory at the California Institute of Tech- 
nology, share responsibility for devising 
the moon seismograph. 


Origin of the Vetlesen Foundation 

The Vetlesen Foundation was estab- 
Kished in 1955 shortly before the death 
of its founder, shipbuilder Georg Unger 
Vetlesen, who was born in Norway and 
became a United States citizen during 
World War Il. He served as president 
and chairman of the United States com- 
pany representing the Norwegian Amer- 
ican Line. He also was one of the found- 
ers of the American Scandinavian Air- 
lines System organization. Vetlesen, 
who was educated in England, first came 
to the United States in 1916 and went 
into shipbuilding at that time. 





Foundation To Support Summer 
Conferences for College Teachers 


The National Science Foundation has 
announced the award of grants totaling 
approximately $275,000 to colleges and 
universities in support of 16 Summer 
Conferences for College Teachers of 
Science and Mathematics. These con- 
ferences are designed to strengthen 
teachers’ mastery of new developments 
in science and mathematics and to in- 
crease their effectiveness in the -class- 
room. The more than 500 participants 
will receive stipends of up to $15 a day 
plus travel allowances. They will pay 
neither tuition nor fees. 

The program of Summer Conferences 
for College Teachers is patterned after 
the Summer Institutes for High School 
and College Teachers program, which 
will sponsor nearly 400 Summer In- 
stitutes this year. Whereas Summer In- 
stitutes vary from 4 to 12 weeks in dura- 
tion, Summer Conferences last 4 weeks 
or less and give college staff members 
who must teach during summer terms 
an opportunity to familiarize themselves 
with recent advances in specific fields. 
The subject matter covered is usually 
more specialized than that of the-Sum- 
mer Institutes. Participants will be 
chosen by the Conferences, not by the 
National Science Foundation. A list 
of the institutions taking part in the 
program, with the names of the con- 
ference directors, may be obtained from 
the National Science Foundation, 1951 
Constitution Ave., NW, Washington 25, 
D.C. 





Cancer Society Sponsors 
Special Lectures at 
Colleges and Universities 


The American Cancer Society has an- 
nounced its sponsorship, on an experi- 
mental basis and without cost to univer- 
sities and colleges, of a series of lectures 
on research. The purpose of the series 
is to interest students in undertaking 
careers in the medical, diological, or 
related physical sciences and to improve 
public understanding of the methods of 
research and of needs and opportunities 
in these fields. 

The following investigators have 
agreed to collaborate with the society 
in this experiment: Bernard D. Davis, 
professor of bacteriology and im- 
munology, Harvard University (sub- 
ject, microbes and the unity of biology); 
Harry Eagle, chief, Laboratory of Cell 
Biology, National Institute of Allergy 
and Infectious Diseases (subject, the 
metabolism of normal and malignant 
cells in culture); Alfred Gellhorn, pro- 
fessor of medicine, Columbia University, 
College of Physicians and Surgeons 
(subject, progress and potentialities of 
human cancer prevention); and Arnold 
D. Welch, Eugene Higgins professor of 
pharmacology and chairman of depart- 
ment, Yale University (subject, met- 
abolic approaches to cancer chemo- 
therapy). 

Each of these speakers has agreed 
to accept no more than five invitations 
to visit university or college campuses 
within the 12 months or so after 1 
September. Each speaker will be pre- 
pared to address a meeting of students, 
faculty, and interested laymen on the 
subject indicated, and, where requested 
to do so, to consider (i) participating in 
seminars with students and faculty and 
(ii) counseling students who may be 
interested in undertaking careers in the 
medical, biological, or related physical 
sciences. 

Invitations for any of these speakers 
are to be addressed to the American 
Cancer Society, 521 W. 57th St., New 
York 19, N.Y. Each invitation should 
include the name of the speaker or 
speakers desired; a description of the 
nature and size of the expected audi- 
ence; the suggested date, time, and 
place of the address; and a statement of 
the arrangements which would be made 
for seminars and other meetings with 
members of the faculty and student 
body. Invitations for requested speak- 
ers should be received no later than 
1 September 1960. 
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News Briefs 


Academic Press offices. Both the West 
Coast and the British offices of Academ- 
ic Press have just moved to new quar- 
ters. The California office, headed by 
Richard C. M. Jones, assistant editor, is 
located at 1901 W. 8th St., Los Angeles 
57. In London, the editorial, sales, and 
production offices of the organization 
now occupy three floors at 17 Old 
Queen St., London W.1. Charles M. 
Hutt is in charge of editorial matters. 

* * * 

Medical genetics course. A_ short 
course in medical genetics will be 
conducted at Bar Harbor, Me., 8-20 
August, by members of the faculty of 
the Johns Hopkins University of Medi- 
cine and the staff of the Roscoe B. Jack- 
son Memorial Laboratory. The course, 
for 40 participants, is designed primarily 
for individuals in medical teaching and 
research. Further information can be 
obtained from the codirectors of the 
course: Dr. Victor A. McKusick, Johns 
Hopkins Hospital, Baltimore 5, Md., 
and Dr. John L. Fuller, Roscoe B. Jack- 
son Memorial Laboratory, Bar Harbor, 
Me. 

* * 

Nutrition. The Fifth International 
Congress on Nutrition is to be held in 
Washington, D.C., 1-7 September 1960. 
Organized by the American Institute of 
Nutrition and the U.S.A. National 
Committee for Nutritional Sciences of 
the National Academy of Sciences, the 
congress is under the auspices of the 
International Union of Nutritional Sci- 
ences. Officers are as follows: honorary 
president, Elmer V. McCollum; pres- 
ident, C. Glen King; chairman, Organ- 
izing Committee, Paul Gy6rgy; general 
secretary, Milton O. Lee. For informa- 
tion write: The Secretariat, Fifth Inter- 
national Congress on Nutrition, 9650 
Wisconsin Ave., NW, Washington 14, 
DC. 

* * bod 

Radiation biology course. Argonne 
National Laboratory is offering a special 
summer course in methods in radiation 
biology, to be held 20 June—15 July. The 
fee for the course will be $25. Inquiries 
and applications should be addressed to 
the Office of the Director, Division of 
Biological and Medical Research, Ar- 
gonne National Laboratory, Lemont, 
Ill. Only a limited number of applicants 
can be accepted; persons from foreign 
countries are invited to apply. Applica- 
tions, which should include a brief cur- 
riculum vitae, must be received by 23 
May. 
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Arid lands newsletter. A new bulle- 
tin, the Arid Lands Research Newslet- 
ter, is being published by the Committee 
on Desert and Arid Zones Research of 
the AAAS Southwestern and Rocky 
Mountain Division. News of scientific 
activities relating to arid lands, mainly 
from western North America, will be 
reported briefly about four times a year. 
News items should be sent to the editor, 
Richard B. Woodbury, Department of 
Anthropology, University of Arizona, 
Tucson, Ariz. 


Grants, Fellowships, and Awards 


Agricultural chemistry. The Associa- 
tion of Official Agricultural Chemists 
has announced that nominations are 
now being accepted for the fourth 
AOAC Harvey W. Wiley Award for 
achievement in analytical methods. 
This award of $500 will be given to 
the scientist (or group of scientists) 
who has made outstanding contribu- 
tions to the development of analytical 
methods for foods, drugs, cosmetics, 
feeds, fertilizers, and pesticides or for 
use in general analytical chemistry. 
These are the fields of interest to the 
AOAC which are encompassed in its 
publication Official Method of Analysis. 
This book is the primary laboratory 
manual of regulatory chemists and re- 
search workers in agriculture in the 
United States and throughout the 
world. 

Nominations must be submitted to 
the secretary of the association by J 
April. Nominees need not be members 
of the association. Further informa- 
tion may be obtained from the secre- 
tary, William Horwitz, Box 540, 
Benjamin Franklin Station, Washing- 
ton 4, D.C. 

Instrumentation. The Foundation 
for Instrumentation Education and 
Research has announced its second 
national competition for 14 graduate 
fellowships in the engineering sciences 
related to instrumentation. Typical 
study areas are dynamic analysis of 
chemical process control systems, in- 
vestigation of new areas of measure- 
ment phenomena, study of the in- 
strumentation of biological systems, 
development of computer technology 
in automatic control, or application of 
control theory to business systems. 

To be eligible for a FIER fellow- 
ship an applicant must be accepted as 
a candidate for an advanced degree at 
the university of his choice by 1 April. 
Applicants must hold a baccalaureate 


or master’s degree in engineering or 
science and must have studied math- 
ematics at least through partial dif- 
ferential equations. Applications for 
a FIER fellowship for 1960-61 must 
be submitted by 7 March. 

The award provides full tuition, a 
$1500 cost-of-living stipend, and a 
$1000 cost-of-education grant to the 
university. For information, write to: 
1960 Fellowships Program, FIER, 335 
E. 45th St., New York, N.Y. 

Low-temperature science. Nomina- 
tions for the second Fritz London 
Award are being solicited by the award 
committee from all scientists in the 
field of low-temperature science. If a 
suitable candidate is found, the award 
will be made at the seventh Interna- 
tional Conference on Low Temperature 
Physics in Toronto, 29 August-3 Sep- 
tember. 

The Fritz London Award is made at 
an international conference on low-tem- 
perature science sponsored by the In- 
ternational Union of Pure and Applied 
Physics. There is an honorarium of 
$1000, provided by Arthur D. Little, 
Inc., of Cambridge, Mass. In addition, 
a $500 travel allowance is available if 
needed. The award is_ international, 
and selections are made without re- 
gard to nationality. 

The award is made for outstanding 
research and advances in the science 
of low-temperature physics and chem- 
istry of great importance. A distinc- 
tion is made between research that ad- 
vances low-temperature science and 
research that only makes use of low 
temperature as a tool or a means to 
advance science in a different area. 
The award is made for recent work 
with no time limit specified, since it 
is realized that some important work 
cannot be properly evaluated in a few 
years. This is especially true of 
theoretical work. It is expected that 
the recipient will have published im- 
portant research papers in low-tem- 
perature science over a period of 
years, though this is not one of the re- 
quirements. 

Nominations should be sent as soon 
as possible to the chairman of the 
Second Award Committee, F. G., 
Brickwedde, College of Chemistry and 
Physics, Pennsylvania State University, 
University Park, Pa. 

Nominations should be accompanied 
by a description of the principal con- 
tribution or contributions of the candi- 
date and his related work, together 
with a discussion of the importance of 
the work. 
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Scientists in the News 


The following scientists have been ap- 
pointed to the President’s Science Ad- 
visory Committee for a term of 3 years: 
Harvey Brooks of Harvard University, 
Donald F. Hornig of Princeton Uni- 
versity, Robert F. Loeb formerly of Co- 
lumbia University, W. K. H. Panofsky 
of Stanford University, and John W. 
Tukey of Princeton University. 


On the occasion of its 40th anni- 
versary, the American Meteorological 
Society made a number of awards. 

Honorary memberships were pre- 
sented to Sir Edward Appleton of the 
University of Edinburgh (Scotland); 
Andrei N. Kolmogorov, director of the 
Mathematical Institute of Moscow State 
University (U.S.S.R.); and Theodore 
von Karman, director of the Advisory 
Group for Aeronautical Research and 
Development of NATO. 

The Charles Franklin Brooks Award 
for service to the society was presented 
to Horace R. Byers, chairman of the de- 
partment of meteorology at the Uni- 
versity of Chicago. 

J. Bjerknes of the University of Cali- 
fornia, Los Angeles, and Erik Palmén 
of the University of Helsinki (Finland), 
jointly received the Carl-Gustaf Rossby 
Award for research contributions. 

Frederick Sargent, II, associate pro- 
fessor of physiology at the University 
of Illinois, received the society’s first 
award for achievement in bioclimatol- 
ogy. 

Henry T. Harrison, director of mete- 
orology for United Air Lines (Denver), 
was cited for his contributions to ap- 
plied meteorology; he also received the 
Flight Safety Foundation Aviation 
Week Award. 

Lt. Col. Philip D. Thompson of the 
U.S. Air Force and Norman A. Philips 
of Massachusetts Institute of Technol- 
ogy were joint recipients of the Clarence 
Le-Roy Meisinger Award for their re- 
search on numerical weather prediction. 

A special award for their work in 
making aerophysical observations from 
high-altitude balloons was presented to 
Charles B. Moore of Arthur D. Little, 
Inc., and Lt. Comdr. Malcolm D. Ross 
of the Office of Naval Research. This 
award included a posthumous citation 

to Lee Lewis, formerly with Winzen 
Research, Inc. (Minneapolis). 


James J. Lander, supervisor in chem- 
ical electronics with the New Jersey 
Bell Telephone Laboratories, has been 
named visiting professor of chemistry 
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for the spring semester at Indiana Uni- 
versity. He replaces Walter J. Moore, 
who is on leave as a visiting professor 
at Harvard University. 


The following scientists have recently 
been awarded honorary degrees: 

Paul L. Day, scientific director of the 
Food and Drug Administration, from 
the University of Arkansas. 

Merril Eisenbud, professor of indus- 
trial medicine at the Bellevue Medical 
Center, from Fairleigh Dickinson Uni- 
versity (Teaneck, N.J.). 

Ronald M. Foster, chairman of the 
department of mathematics at the Poly- 
technic Institute of Brooklyn, from 
Fairleigh Dickinson University. 

Frederick D. Rossini, chairman of 
the chemistry department at Carnegie 
Institute of Technology, from Loyola 
University. 


Joel F. Gustafson, associate professor 
of biology at San Francisco State Col- 
lege, has been appointed associate di- 
rector of the California Academy of 
Sciences. 


Lake S. Gill, chief of the division of 
forest disease research at the Rocky 
Mountain Forest and Range Experiment 
Station in Fort Collins, Colo., will re- 
tire 29 February after more than 35 
years with the U.S. Department of Agri- 
culture. He is an authority on dwarf 
mistletoe; his latest work is a review of 
the literature on mistletoe. From Stan- 
ford University Gill received the bache- 
lor’s degree in 1922 and the master’s 
degree in 1931. In 1934 he earned his 
doctorate at Yale University. 


Benjamin L. Page, acting chief of the 
length section of the Optics and Metrol- 
ogy Division of the National Bureau of 
Standards; has been appointed chief of 
the section. 


Paul H. Bell, head of the biochem- 
istry department of the Lederle Lab- 
oratories Division of the American Cy- 
anamid Co., has received an honorary 
degree from Marietta College (Ohio). 


James F. Young, general manager of 
the general engineering laboratory of 
the General Electric Co., Schenectady, 
N.Y., has been named general manager 
of electric utility systems engineering 
and planning operation in the com- 
pany’s new Electric Utility Group. He 
will be succeeded in the general engi- 
neering laboratory by J. Herbert Hollo- 
mon. 





Marcel Florkin, professor of bio- 
chemistry at the University of Liége, 
Belgium, is visiting professor in zoology 
at Duke University for the current se- 
mester. He will present a series of lec- 
tures on the biochemical basis of com- 
parative physiology. 


The Commonwealth of Massachusetts 
has cited Herbert L. Lombard, former 
director of the division of cancer and 
chronic diseases of the Massachusetts 
Department of Public Health, for his 
contributions in the fight against cancer. 


The University of Vermont’s College 
of Medicine has announced the forth- 
coming retirement, in June, of Wil- 
helm Raab and Harold B. Pierce. 

Raab, who received medical degrees 
from the University of Vienna and the 
University of Prague, will retire as pro- 
fessor and chairman of the division of 
experimental medicine. He joined the 
Vermont faculty in 1939. 

Pierce will retire as professor and 
chairman of the department of bio- 
chemistry. He was appointed to the uni- 
versity faculty in 1937. He received the 
bachelor’s degree from the University 
of Massachusetts, the M.S. degree from 
Pennsylvania State University, and his 
doctorate from the University of Roch- 
ester. 


Recent Deaths 


Joseph F. Siler, Washington, D.C.; 
84; retired from the Army Medical 
Service in 1939, after 39 years of serv- 
ice; founder and former president of the 
Gorgas Memorial Institute of Tropical 
and Preventive Medicine; major con- 
tributor in work to develop an effective 
typhoid vaccine; 7 Feb. 

Max Thorek, Chicago, IIl.; 79; pro- 
fessor of surgery at Cook County 
Graduate School of Medicine; founder 
of the International College of Surgeons; 
specialist in reconstructive surgery and 
researcher in glandular transplantation; 
21 Jan. 

. Edgar N. Transeau, Columbus, Ohio; 
84; ecologist, plant physiologist, and 
algologist; professor emeritus of bot- 
any; chairman of the department of 
botany at Ohio State University (1918- 
46); 25 Jan. 

Lauriston Ward, Boston, Mass.; 77; 
curator of Asiatic archeology at the 
Peabody Museum of Harvard Univer- 
sity; president of the Council of Old 
World Archaeology; former Harvard 
lecturer on anthropology; 1 Feb. 
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Industrial Microbiology. Samuel Cate 
Prescott and Cecil Gordon Dunn. 
Third edition revised by Cecil Gor- 
don Dunn. McGraw-Hill, New York, 
1959, viii + 945 pp. Illus. $17.50. 

Advances in Applied Microbiology. 
vol. 1. Wayne W. Umbreit, Ed. Aca- 
demic Press, New York, 1959. 304 
pp. $9.50. 


The “golden age of microbiology” 
and similar expressions are decidedly 
more than romantic allusions; they are 
also euphemisms for the potential, cold 
profit in regulating microorganisms. In- 
dustrial microbiology acquired an 
identity less than 20 years ago, when 
microbes were put into tanks and agi- 
tated and aerated in a more or less con- 
trolled fashion and in pure culture 
(more or less). The prototypic principles 
and practices were, in my opinion, set 
forth by Kluyver and Perquin only 27 
years ago. 

The maturation of a field is signal- 
ized by the emergence of its own 
specialized literature. Indeed, in this 
regard, commercial microbiology is al- 
ready suffering from an embarrassment 
of riches. However, to paraphrase an 
observation made by one of John P. 
Marquand’s characters, this wealth is 
not like inherited wealth. That the sub- 
ject has even acquired sophistication 
is shown by the appearance of that new 
breed of scientific communicators, the 
“symposiasts” [F. Walshe, Perspectives 
in Biology and Medicine 2, 197 (1959)], 
and now, in commercial microbiology, 
we have the “advancists” (Advances in 
Applied Microbiology) or the “pro- 
gressivists” (Progress in Industrial 
Microbiology), depending on whether 
you are American or British. Faced 
with these annuals, one is reminded of 
the war-time suggestion, “Is this trip 
necessary?” It is difficult to see how 
publishers can justify putting out this 
type of annual review on the basis of 
the volume of new developments, the 
need for new outlets and sources, or 
the demand for such publications, at 
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these prices, by individuals. The an- 
swer must be that new technical publi- 
cations automatically have an ensured 
world-wide library sale of approxi- 
mately 2000 copies which, at formi- 
dable prices, makes them profitable. 

The third edition of “Prescott and 
Dunn” is something else. The chief 
virtue of this book, which has assumed 
a central informational position for 
undergraduate and graduate students, 
is its fruitcake quality. It contains a 
mixture of a lot of desirable things, but 
unlike fruitcake of quality, it lacks pro- 
portion, body, and headiness. The finish- 
ing off with frosting in the form of good 
chapters on gibberellic acid, steroids, 
amino acids, and “biochemical engineer- 
ing” does not alter the unfortunate fact 
that the material in the first three-quar- 
ters of the book is practically unchanged 
from the previous edition, published 
10 years ago. 

Chapters on textile and wood micro- 
biology have been dropped. Much other 
unchanged material, now superfluous 
and archaic, could have been omitted 
or condensed and made current, espe- 
cially in the treatments of metabolism. 
How dated these are is evidenced by 
the use of the terms oxidoreductase and 
zymohexase in the description of yeast 
fermentation, and of Jlactacidase and 
alcoholase. The only methods which are 
suggested for the preparation of cell-free 
enzymes are those of Buchner (1897) 
and Lebedev (1911)! Statements that 
succinic acid in yeast fermentation is 
not derived from sugar, failure to speci- 
fy that pyruvic acid is an intermediate 
in the bacterial lactic fermentation of 
glucose (‘‘a hypothetical 3-carbon com- 
pound” is incriminated), presentation 
of the methylglyoxal theory to explain 
various fermentation mechanisms, and 
the review of Kluyver’s 1931-35 works 
as the authority for today’s understand- 
ing of intermediary metabolism of fer- 
mentations are a few samples of the 
inadequacy of the revision. 

One finds many serious omissions, 
which suggests an unfamiliarity with 


the key contributions 
mediary metabolism of fermentations 
of, for example, the butyric acid bac- 
teria, and the propionic and the ita- 
conic acid fermentations. The inclusion 
of an exposition of the unifying in- 
fluence of comparative biochemistry in 


to the inter- 


microbial fermentations 
been valuable. 

The superficiality of the chemical 
treatments of the classical bacterial fer- 
mentations on the one hand, and the 
fastidious documentation of the multi- 
farious steroid oxidations on the other 
hand, illustrate the incongruities in the 
book. Undoubtedly, the recent avail- 
ability of many fine reviews on the 
latter subject accounts for this. The 
curious tactic is employed of presenting 
at length the outmoded theories carried 
from the previous edition, then, in a 
concluding appended sentence, modern- 
izing them by the magic wand of re- 
ferring to some recent reviews. 

The technological coverage is no less 
open to serious questions of judgment. 
For example, the rotary drum process 
for submerged fermentations, covered 
in considerable detail as though it were 
an integral part of industrial micro- 
biology, was abandoned as economi- 
cally unfeasible over 20 years ago, even 
before the first large-scale submerged 
fermentation came into use. The same 
is essentially true of many other novelty 
pieces of equipment and apparatus (in- 
cluding the bazooka), that have never 
found a niche in the general practice. 
Having seen one good, representative, 
factory process flow-chart, a person has 
seen them all. The presence of 40 flow- 
charts, many taking up a full page each, 
simply means that a corresponding 
amount of space for some modern de- 
velopments had to be sacrificed. 

In spite of its fruitcake character, 
to say nothing of its size, some essen- 
tial ingredients are inexplicably miss- 
ing from Prescott and Dunn. For ex- 
ample, the world’s largest controlled 
microbial process, the methane fermen- 
tation of sewage and industrial wastes, 
is not included, nor is what possibly is 
the world’s smallest but, all the same, 
important, process, the production of 
Rhizobium inoculants for legume seed. 
Unmentioned is the propagation of the 
food alga Chlorella. 

By and large, the relative amount of 
space devoted to various subjects by an 
authority in a field is taken as a meas- 
ure of the relative importance generally 
attached to those subjects by the pro- 
fessionals. Mystifying, therefore, is the 
presentation of the entire, perfectly 
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enormous, antibiotic industry in only 
about 5 percent of the book. Strepto- 
mycin is covered in its entirety in 11% 
pages, and the authors manage to en- 
compass chloramphenicol and _ chlor- 
tetracyline in a total of 17 and 9 lines, 
respectively. Something called “Van- 
comycin” is dignified with 15 lines. 
Another notable miss with the meas- 
uring spoon: 5 pages for cheese pro- 
duction (sans the chemical transforma- 
tions) but 37 for sauerkraut and pickles. 

Critical selectivity and predigestion 
of subject matter, together with the 
adoption of a pattern of synthesis and 
evaluation, would have enhanced great- 
ly the value of the book, as would ex- 
perience in the modern fermentation in- 
dustry. As it stands, the book fails to 
consummate intimacy between the read- 
er and the current real-life practice of 
industrial microbiology. Naturally, this 
particular criticism of Prescott and 
Dunn is less applicable to the Advances, 
in which people associated with the 
developments of the various specialized 
topics, and active in them, would be 
expected to convey authoritative and 
realistic pictures of their assigned 
topics. There is no denying that Pres- 
cott and Dunn have brought together 
a great deal of sundry information, and 
with its extensive bibliography, the 
book will certainly accomplish the pur- 
pose of putting the fermentation tyro 
on the trail. But it will not get him 
to his destination. 

There is an unsubstantial, an un- 
realistic, quality to these works, as there 
is to many books dealing with com- 
mercial microbiology; they do not ade- 
quately represent the field. Covering 
virtually the whole scope of micro- 
biology, these treatises still fail to tell 
exactly what products are in commer- 
cial operation, which organisms are pre- 
ferred or used, and what process is be- 
ing used, and at what scale. From 
Prescott and Dunn the novice would 
gather that microbial processes for 
butanol-isopropanol, acetone-ethanol,2, 
3-butanediol, propionic acid, kojic acid, 
mold lactic acid, ustilagic acid, manni- 
tol, fats, pigments, and innumerable 
other things are the substance of indus- 
trial microbiology today. They are not. 

The student is likewise misguided 
when, from Advances he visualizes an 
image of applied microbiology com- 
posed of genuine efforts aimed at the 
development of nonsterile fermenta- 
tions, preservation of foods by ionizing 
radiations, basic studies on mechanisms 
of biosynthesis, germ-free animal tech- 
niques, the antibacterial activity of 
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phenol, and the like. On the other hand, 
the applied microbiologist will rightly 
protest that his interests are decidedly 


not restricted to utilitarian micro- 
biology and that his dish is general 
microbiology, as this book presumes to 
be. In either case, the contents do not 
fulfill the expectations implied by the 
title. In other words, it is virtually im- 
possible to deduce from these works 
the status of industrial microbiology’s 
manifold activities and modi operandi. 
If not from these sources, where should 
the inexperienced person expect to find 
such information and to discern fact 
from fancy or reduction to practice 
from screening, research, and paper 
patents? 

Another curious thing: despite their 
intention to be all things to all people, 
judging from the miscellany of topics 
these books contain, such sources con- 
sistently deny admittance to one of the 
oldest of microbiology’s applications, 
namely, the commercial production of 
bacterial and viral vaccines, antisera, 
mold allergens, and other biologicals. 
It is hard to see why these sacred cows 
should be concealed from the individual 
who is interested in obtaining an ac- 
curate and a clear perspective of the 
utile microbe. ; 

The flavor and the pulse of modern 
commercial microbiology has never 
been conveyed to readers. This vast 
technology has a definite personality; 
it has a rationale; it is unique. The or- 
ganization of commercial microbiology 
laboratories; the conference approach 
to problems; the multispecialist compo- 
sition of the attack teams; the turn- 
over of problems at the laboratory 
level; the remarkable intelligence sys- 
tems that industries have for picking 
up outside information pertaining to 
their current interests; the role of con- 
sultants; outside research grants; the 
philosophy and _ methodologies of 
screening and developmental research— 
these constitute the fiber of modern 
commercial microbiology. Still other 
facets desperately want codification: 
basic techniques and apparatus evolved 
for efficient, massive-scale output of 
routine microbiological testing; cost 
and profit analyses; the rationale of 
medium development and pilot plant 
research; the logistics of scale-up from 
pilot plant to factory; laboratory, pilot 
plant and factory equipment design and 
operation; systems for isolation from 
nature and the maintenance of enor- 
mous numbers of pure cultures of or- 
ganisms; assays (microbiological, ani- 
mal, and chemical); chemical extrac- 





tion, purification and isolation, and 
structure determination on products; 
sterile packaging; control testing; time 
breakdown on fermentation cycles, 
sterility troubleshooting; phage resist- 
ant strains for plant production; the 
whole complex of animal testing of 
products for toxicity or efficacy. 

The principles and procedures for 
the three basic contributions of indus- 
trial microbiology to the science of 
microbiology need to be spelled out: 
(i) the mutational development of 
high-yielding strains, (ii) the use of 
precursors to influence a fermentation, 
and (iii) the elimination of the diffu- 
sion barrier around the microbial cell. 

These are the things that tell the 
true character of modern commercial 
microbiology. The kind of team effort 
that has shown itself to be so successful 
in the development of some of the ex- 
tremely complex problems in industrial 
microbiology is the only way in which 
an accurate profile of this fabulous 
subject can be portrayed for others. 
And, for a realistic portrayal. the mem- 
bers of that team will need more than 
feel and first-hand knowledgeability— 
they shall have to be romantics. 

J. W. Foster 
Department of Bacteriology, 
University of Texas, Austin 


Perspectives on Government and Sci- 
ence. Annals of the American Acad- 
emy of Political and Social Science, 
vol. 327. Norman Wengert, Ed. The 
Academy, Philadelphia, Pa., 1960. 
x + 204 pp. Paper, $2; cloth, $3. 


The administration of the scientific 
programs of the federal government, 
the lines along which the administrative 
machinery may develop, the policy 
problems involved, and the relations 
between universities. and government 
science are examined in the 15 papers 
of this symposium. Without listing all 
of the authors and titles, the flavor can 
be indicated by some samples: William 
D. Carey discusses the Presidential re- 
sponsibility for budgeting; Senator An- 
derson considers the role of Congress 
and Senator Humphrey the need for a 
Department of Science; John C. 
Weaver discusses university aspects 
and Alan T. Waterman the role of the 
National Science Foundation in gov- 
ernment-university relations; E. R. 
Piore and R. N. Kreidler describe re- 
cent developments in the relationships 
of government to science; several au- 
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thors review the work or problems of 


individual departments and _ several 
others some of the social and economic 
aspects of government science; John 
C. Honey points to shortcomings of the 
present government system and con- 
cludes that major improvements will 
require a greater sense of national 
purpose and a strengthening of the 
leadership role of the President. 

Research and development support 
now accounts for a tenth of the na- 
tional budget. The nation’s economic 
and military welfare are widely recog- 
nized to be dependent on a growing 
base of science and technology. The 
administrative machinery with which 
the federal government carries out its 
scientific and technical responsibilities 
must therefore be of serious concern 
to government officials, natural and 
social scientists, and, indeed, to any 
serious student of government or sci- 
ence administration. For these groups, 
Perspectives on Government and Sci- 
ence is recommended. 

DaEL WOLFLE 

American Association for the 
Advancement of Science 


Sons of the Shaking Earth. Eric R. 
Wolf. University of Chicago Press, 
Chicago, Ill., 1959. xii + 303 pp. 
Illus. $5. 


This excellent synthesis of Middle 
American geography, archeology, co- 
lonial history, and modern ethnology 
provides a broad view and valuable 
background information for students of 
Latin American affairs, ancient and 
modern. Chapters 1 and 2 present the 
geographical and biological diversity 
of Mexico and Guatemala. Wolf places 
much emphasis (some readers may 
consider it unduly heavy) on the role 
of evolution and environmental deter- 
minism in the development of physical 
types among the American Indians af- 
ter they arrived in the New World. 
“Mutation, drift, and genetic recombi- 
nation, the forces of natural selection 
were continuously operative.” Wolf re- 
states the hypothesis that cold may 
modify human stature by stimulating 
the adrenal glands, while altitude, be- 
cause of decreased oxygen intake, may 
favor massive chests and lungs. Chap- 
ter 3 stresses the value of linguistic 
studies in reconstructing ancient his- 
tory and “the direction of the flow of 
culture” in Middle America. 

Chapters 4 to 7 summarize the arch- 
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eology of this area: the early hunter- 
gatherer stages; the incipient, then fully 
developed horticultural stage; the theo- 
cratic period when “egalitarian life of 
the simple farming community yields 
to increased complexity”; the years be- 
tween A.D. 750 and 900, which “shook 
the old world order to its foundations”; 
and the final epoch, when the Mexica 
Aztecs brought militarism to its cul- 
mination. 

The Spanish conquest (chapter 8) 
came when “the time was ripe for a 
redress in the balance of power in Mid- 
dle America.” Two Spanish trends— 
one toward warfare, one toward indus- 
try and trade by a town-based bour- 
geoisie were colliding in the Old 
World when this new American fron- 
tier suddenly favored the otherwise 
doomed warrior-adventurers and, thus, 
ultimately led to Spain’s downfall. 
Chapter 9 on the colonial period, 
points out that “the goal of the Indian 
noble was to consume wealth commen- 
surate with his social position. The 
Spanish colonist, however . . . wanted 
to convert wealth and labor to salable 
goods.” Wolf here describes Spanish 
enterprises—mining, agriculture, stock- 
raising, and manufacturing. Chapter 10 
tells how the 17th-century depression 
ended Utopian dreaming and “Middle 
America again retreated into its coun- 
tryside.” Chapter 11 on modern eth- 
nology states: “To fulfil the goals of 
his revolution, the mestizo had to go 
beyond land reform and beyond In- 
dianism to an active transformation of 
society. .’ The economic instru- 
ments of this transformation were in- 
dustrialization and mechanized agri- 
culture; the ideological instrument was 
nationalism. 

On the whole, this valuable analyti- 
cal synthesis is well written; in spite 
of the compression of its enormous 
scope into 300 pages, the reader does 
not feel that he is being hastened 
through a cafeteria line on a busy day. 
There is, however, a curiously abrupt 
alternation of highly poetic and eloquent 
phrasing on the one hand and purely 
factual, straight-forward reporting on 
the other. The language sometimes 
seems a little pretentious, like political 
oratory, in contexts that scarcely war- 
rant this style. But the book is accu- 
rate and thoughtful, a welcome and 
much needed addition to the growing 
number of general studies interesting 
to student and layman alike. 

ROBERT WAUCHOPE 
Middle American Research Institute, 
Tulane University 





Economics and the Policy Maker. 
Brookings lectures, 1958-1959, 
Brookings Institution, Washington, 


D.C., 1959. xiii + 209 pp. $2.95. 


The Brookings Institution is to be 
commended for the several series of 
lectures it has held since 1954. De- 
signed for audiences of professional 
specialists and public officials, the lec- 
tures contribute to the wider under- 
standing of the uses of social sciences 
in raising the level of decision making. 
The present volume discusses the role 
of economics in some areas of national 
policy. 

The goal of maintaining growth 
and stability in the American economy 
has become obsessive. It is not surpris- 
ing, therefore, to find that four of the 
eight lectures are variations on this 
theme. Gerhard Colm discusses the 
tasks of federal stabilization policies, 
with emphasis on the adjustments of 
taxes and expenditures. Robert V. 
Roosa presents a brief for achieving 
stability through controls over the 
banking system—a policy that today is 
more often treated as a rival than as a 
complement to fiscal controls. Neil H. 
Jacoby gives a comprehensive survey 
of the adjustments in national eco- 
nomic policies that would stop creep- 
ing inflation. The late Sumner H. 
Slichter, motivated by the desire to 
examine the contribution of labor un- 
ion activities to inflation, scrutinizes 
the union. 

The other lectures are on the appli- 
cations of economic analysis in busi- 
ness planning (Sidney S. Alexander), 
on taxation (Louis Shere), on the mix- 
ture of economics and law in the en- 
forcement of the antitrust laws (Mark 
S. Massel), and on problems of the 
underdeveloped countries. (Everett E. 
Hagen). Hagen seeks to allay cur- 
rently popular fears concerning the 
overpopulation of the earth. 

The book should appeal to all serious 
students of public affairs, even though, 
in some places, the level of discourse 
is suited only to professional econo- 
mists. 

Like other experts, economists wish 
that politicians and administrators 
would pay more attention to accepted 
economic knowledge in the design and 
execution of economic policies. But to 
the age-old problem of the interaction 
of the roles of philosopher and ruler, 
the present volume makes no real con- 
tribution, despite its many penetrating 
observations. One of these is Gerhard 
Colm’s distinction between economics 


SCIENCE, VOL. 131 








as if 
econ 
deve 
the 1 
mist: 
phys 
the 

field: 
pher 
ence 
ferir 
in r 
prac 


title 
imp 
tion 
of v 
soci 
prol 
sue- 
ing 

eco! 


De] 
Ge 


mu 
nin 
40 

Fr 
pal 


lea 
tio 


tol 








aker, 
959. 
ton, 
95. 


> be 
Ss of 

De- 
ional 

lec- 
ider- 
nces 
king. 

role 
ional 


owth 
omy 
‘pris- 
f the 
this 

the 
icies, 
's of 

V. 
ving 

the 
ay is 
as a 
il H. 
irvey 
eco- 
reep- 

H. 
e to 
 un- 
nizes 


ppli- 
busi- 
Jer), 
mix- 
. en- 
Aark 

the 
t E 
cur- 

the 


rious 
ugh, 
urse 
ono- 


wish 
ators 
‘pted 

and 
It to 
ction 
uler, 
con- 
ating 
hard 
mics 

















as it is cultivated by the academic 
economists and the “action’ economics 
developed by those advisers close to 
the making of actual decisions. Econo- 
mists disagree on many points, just as 
physicians do. The reasons are similar: 
the lack of firm knowledge in many 
fields, the infinite complexity of the 
phenomena studied, the lack of experi- 
ence with new remedies, and the dif- 
fering outlooks of those who engage 
in research and of those who are in 
practice. 

The book covers less ground than its 
title suggests. Not included are such 
important policy areas as transporta- 
tion, public utilities, the development 
of water resources, agriculture, and the 
social welfare programs. They too have 
problems related to the same broad is- 
sue—the improvement of decision mak- 
ing by greater reliance on established 
economic knowledge. 

DONALD STEVENSON WATSON 
Department of Economics, 
George Washington University 


A Psychiatrist’s World. The selected 
papers of Karl Menninger. Bernard 
H. Hall, Ed. Viking, New York, 1959. 
xxvi + 931 pp. $10. 


This unique collection of writings is a 
multifaceted mirror of Karl Men- 
ninger’s interests and activities through 
40 years of his professional career. 
From the great wealth of his published 
papers, more than 80 have been selected 
by a committee of his medical col- 
leagues and published in commemora- 
tion of his 65th birthday. 

Bernard Hall, who served as the edi- 
tor, presents vivid commentaries on 
each division of the book. These divi- 
sions mirror Menninger in his activities 
as a physician, as an investigator, as a 
psychiatrist, as a psychoanalyst, as a 
teacher, as a writer, as an administrator, 
and as a theorist. Both the editor and 
the committee that selected the papers 
for this volume have successfully 
achieved a presentation reminding the 
reader of a “This is your life” of this 
great leader in American psychiatry. 
Menninger has unusual literary talent 
for conveying his knowledge in a man- 
ner understandable to lay as well as 
professionally trained readers. 

A Psychiatrist’s World documents 
the development of dynamic psychiatry 
and the contributions of psychiatry to 
other disciplines. It is a convincing 
demonstration of the fact that psy- 
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chiatry, as a basic science, obliterates 
the barriers between disciplines involved 
in human relations. The significance 
of this is beginning to emerge and may 
eventually influence the professions to 
a more adequate understanding of man- 
kind. 

Leo H. BARTEMEIER 
Seton Psychiatric Institute, 
Baltimore, Maryland 


Adventures with the Missing Link. 
Raymond A. Dart (with Dennis 
Craig). Harper, New York, 1959. 
XXViii + 225 pp. Illus. $5. 


Rare indeed is the scientist who 
earns his living in one field but be- 
comes famous in another. Yet anato- 
mist Raymond Dart, who retired last 
year as dean of the faculty of medicine 
at the University of Witwatersrand in 
Johannesburg, achieved international 
fame in the field of anthropology. His 
Adventures with the Missing Link is 
the modestly told autobiography of a 
scientist with great originality and per- 
sistence who achieved local success as 
an anatomist and teacher and world- 
wide acclaim for his pioneering role in 
the discoveries of lower Pleistocene 
australopithecines (“Southern Apes”) in 
South Africa. 

Just 35 years ago this month, when 
he was little more than started in his 
career as an anatomist, Dart announced 
in Nature his discovery of a fossil in- 
termediate between man and the apes. 
The international press seized this 
story of “the missing link” in the chain 
of human evolution; Dart stood briefly 
in the limelight, and then the public 
and professional reaction set in. The 
first part of Dart’s autobiography de- 
tails his 13-year struggle for scientific 
vindication, which only came in the 
late 1930’s when more australopithecine 
fossils were discovered by the late and 
great paleontologist Robert Broom. But 
in 1925 Dart’s interpretation of the 
face and brain cast of a juvenile pri- 
mate as representing an evolutionary 
development toward man was viewed 
with caution and some skepticism by 
his colleagues. The general feeling was 
that this brash and unorthodox young 
man had gone well beyond the evidence 
at hand. One authoritative opinion was 
that “Dart’s Baby,” as the press called 
it, represented only the young of an 
anthropoid variety close to the modern 
chimpanzee. In any case, the discovery 
was considered an important one, al- 





though Dart’s interpretation of it was 
placed in the suspense account. Only 
Robert Broom’s discoveries proved that 
Raymond Dart had been right all 
along. 

Having won his struggle to prove 
that the australopithecines were ana- 
tomically on the road to man, Dart then 
set about to show they were culturally 
on the way as well. The second half of 
the book is concerned with Dart’s new 
struggle to convince the world that he 
is right again. The australopithecine 
remains constitute only a fraction of 
the many thousands of animal fossils 
blasted from old limestone-filled caves 
in the Transvaal. The question is, who 
or what brought these hard parts into 
the caves? Dart’s answer is that the 
nonrandom distribution of the animal 
remains demonstrates that the austra- 
lopithecines brought them into the 
caves for use as natural tools. Certain 
bones, tooth sections, and horns could 
have been employed for a variety of 
uses—as bludgeons, knives, scrapers, 
and slitting tools. Since, thus far, none 
of them can be proved to have been 
altered by subhuman hand, their use 
as actual tools is still open to some 
question. But Dart is convinced the 
australopithecines were tool-users and 
coined the jawbreaking term “osteo- 
dontokeratic” (bone-teeth-horn) to de- 
scribe this cultural level. His arguments 
defending this view are various and per- 
suasive—one being the high proportion 
of fossil baboon skulls having localized 
vault fractures that could have resulted 
from well-placed blows with antelope 
femur bludgeons. Indirect support for 
Dart’s tool-using claim are the crudely 
chipped pebble tools from the later por- 
tions of australopithecine-bearing stra- 
ta. Perhaps the earliest man was first a 
tool-user, then a toolmaker. 

Currently Raymond Dart and his 
co-workers lack sufficient evidence to 
prove their cultural: claims for the 
australopithecines. Nor can the. skep- 
tics marshal convincing evidence for 
any counter claims. Because of this 
stand off, Adventures with the Missing 
Link appears to end rather lamely. This 
is only because the story is not finished. 
In retirement, Dart is continuing the 
mining, sorting, developing, and study- 
ing of fossils, under a vast research 
program. With more work he will have 
more to say, but as he knows full well, 
no story of prehistory is ever really 
finished. 

MARSHALL T. NEWMAN 
U.S. National Museum, 
Smithsonian Institution 


Selecting Bacterial Mutants 
by the Penicillin Method 


Abstract. Certain improvements are de- 
scribed in the use of penicillin for isolating 
auxotrophic mutants of bacteria. By ob- 
taining exponential growth before the 
penicillin is added, and by minimizing the 
duration of the treatment, cross-feeding is 
decreased and much denser populations 
can be screened. These modifications have 
made it possible to obtain, with regularity, 
mutants of Escherichia coli blocked in a 
desired step in arginine biosynthesis. 


The use of penicillin to select auxo- 
trophic mutants of bacteria (J, 2) is 
based on the fact that this antibiotic kills 
only growing cells. In the usual practice 
the culture is irradiated with ultraviolet 
light, the mutants are allowed to become 
phenotypically expressed by intermedi- 
ate cultivation in an enriched medium, 
and the cells are then washed and in- 
cubated with penicillin in minimal medi- 
um. In order to achieve sufficient killing 
of the parental cells it has been custo- 
mary (3) to incubate for 6 to 24 hours; 
and because the auxotrophs are cross- 
fed by the cells that lyse during penicil- 
lin treatment, the population exposed to 
penicillin has been kept below a density 
of about 10° cells per milliliter. The ef- 
ficiency of the method is limited by this 
restriction on population density, by the 
cross-feeding that occurs even at low 
population densities, and by the residual 
growth of mutants on stored metabolites 
not eliminated by washing. The last dif- 
ficulty has been overcome in the mul- 
tiple layer method (4), but the popula- 
tion density must still be restricted. 

The present report is concerned with 
improvements suggested by the recent 
elucidation of the mode of action of 
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penicillin. Growth in the presence of 
this compound ordinarily causes lysis; 
but in a hypertonic protective medium 
the cells are instead converted to pro- 
toplasts (5, 6). We have accordingly 
added 20 percent sucrose plus extra 
Mg* (5) to the penicillin selection medi- 
um in order to prevent lysis and thereby 
to decrease cross-feeding. In addition, it 
has been found possible to shorten con- 
siderably the- duration of exposure to 
penicillin by allowing the culture to 
reach exponential growth in minimal 
medium before the penicillin is added. 
(This step has the additional advantage 
of permitting the auxotrophs present to 
exhaust their stores of the required 
growth factors.) By use of these modifi- 
cations it has been found possible to 
screen populations at densities up to 
5 xX 10° cells/ml—that is, about 10° 
times greater than the densities previ- 
ously feasible. The selection of rare 
mutants is thereby markedly improved. 

We have used the following detailed 
technique to select arginine-requiring 
mutants of Escherichia coli. Five mil- 
liliters of a culture growing exponential- 
ly in minimal-glucose medium A (7) 
(5 X 10° to 10° cells/ml) is exposed to 
a dose of ultraviolet irradiation which 
reduces the viable count by a factor of 
10° to 10°. The irradiated sample is in- 
oculated into 200 ml of minimal medi- 
um with 0.1 percent glucose and 100 
xg of arginine per milliliter in a 2-liter 
flask. After overnight growth with shak- 
ing at 37°C, 5 ml (about 10° cells/ml) 
is centrifuged at 0°C and washed once 
with minimal medium. About one-tenth 
of the resuspended pellet is inoculated 
into 5 ml of minimal medium contain- 
ing 20 percent sucrose and 0.01M 
MgSO: in a 200-ml flask. The culture 
is allowed to grow at 37°C with shaking 
until the population approximately 
doubles, at which time the cells are in 
the logarithmic phase. This step requires 
from 1 to 3 hours. Penicillin is then 
added to a final concentration of 2000 
units/ml. (In one trial we obtained 
about the same mutant yield by using 
one-third this concentration.) The flask 
is incubated at 37°C without shaking; 
penicillin action is stopped by chilling 
and centrifuging the culture after the 
proper time interval. The pellet is re- 
suspended to the previous volume with 


minimal medium, and samples corre- 
sponding to 10° to 10~* ml are plated 
on solid minimal medium enriched with 
0.1 percent each of casein hydrolyzate 
and yeast extract. We observed a better 
recovery of mutants by using freshly 
prepared plates. 

The duration of exposure to penicil- 
lin is quite critical; with E. coli B and 
W it is 90 minutes. When the time was 
shortened to 1 hour there was insuf- 
ficient killing of the wild-type cells, and 
when it was increasingly lengthened 
beyond 90 minutes there was a steady 
decrease in the recovery of mutants; 
after 3 hours none were obtained. The 
proper duration of exposure to penicil- 
lin can also be determined by micro- 
scopic observation, the desired time cor- 
responding to a visible conversion of 
about 50 percent of the cells to proto- 
plasts. 

Wild type strains of E. coli including 
W, B, and different B x K12 recombin- 
ants have been used. In most of the 
cases we succeeded in isolating in a 
single experiment mutants blocked be- 
fore ornithine, between ornithine and 
citrulline, and after citrulline. By irra- 
diating mutants blocked before ornithine 
and using minimal medium and orni- 
thine during the exposure to penicillin, 
we succeeded in superimposing a block 
after citrulline upon four different 
strains (from E. coli B and W). Many 
previous attempts to obtain such doubly 
blocked mutants by the classical penicil- 
lin method had been unsuccessful. 

While these modifications were in- 
troduced on the basis of the expectation 
that the most valuable step would be 
prevention of the lysis of the protoplasts 
by use of a hypertonic medium, it now 
appears that the main virtue of the 
method lies in keeping the exposure to 
penicillin so brief that the penicillin- 
damaged prototrophs would not have 
time to feed the auxotrophs significantly. 
Thus in two experiments the absence of 
sucrose did not markedly affect the yield 
of arginine auxotrophs. 

This technique has also been used 
successfully to obtain other amino acid 
and purine auxotrophs. It is reasonable 
to assume that it can be applied, like the 
usual penicillin techniques, to the selec- 
tion of a large variety of auxotrophs. 
One must adjust the periods of prein- 
cubation and exposure to penicillin ac- 
cording to the generation time of the 
parent strain used. With the slowly 
growing K12 strain of E. coli the present 
method, like a previous one (4), yielded 


. somewhat less satisfactory results. 


So far, this method has been~used 
primarily for selecting in a single ex- 
periment mutants with the same require- 
ment; hence phenotypic expression is 
carried out in a medium supplemented 
‘with only a single growth factor. After 
phenotypic expression in a heavily en- 
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riched medium, which results in a longer 
lag before resumption of growth in 
minimal medium, the proportion of 
auxotrophs among the survivors of 
penicillin treatment was quite low. Pre- 
sumably under these conditions the 
prototrophs resume growth less uniform- 
ly. The present method may therefore 
not lend itself to the selection of a wide 
variety of mutants in a single experi- 
ment (8). 
Luict GorinI 

HARRIET KAUFMAN 
Department of Bacteriology and 
Immunology, Harvard Medical School, 
Boston, Massachusetts 
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Sequential Effects of Punishment 


Abstract. Punishment is found to pro- 
duce a large reduction in reinforced re- 
sponses when it is initially introduced. 
Continued exposure to punishment, how- 
ever, results in substantial recovery within 
each hour of exposure as well as from 
day to day. A compensatory increase in 
responding occurs after the removal of 
punishment, even after the punishment 
has ceased to be effective. 


The present report is concerned with 
the effects of punishment on behavior 
that is simultaneously being maintained 
by positive reinforcement. Previous 
studies (J) have indicated that re- 
sponding is reduced so long as the 
punishment is in effect. The present 
findings reveal that the degree of sup- 
pression varies markedly during the 
course of the punishment process. 
White Carneaux pigeons, maintained 
at 80-percent of the weight they at- 
tained when allowed to feed ad libitum, 
were reinforced for 1 hour per day 
for responding (pecking) at an illumi- 
nated disc in accordance with a 1- 
minute variable-interval schedule of 
food reinforcement. Under this sched- 
ule, the response produces food rein- 
forcement at varying time intervals, 
the average of which is 1 minute. This 
reinforcement. procedure produces a 
fairly stable and uniform rate of re- 
sponding which serves as a base line 
for evaluating the effects of punish- 
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ment. This punishment was delivered 
immediately after every response and 
consisted of a brief electric shock de- 
livered through implanted electrodes 
(2). 

Figure 1 shows the effect of the ad- 
dition of punishment for 23 days to 
the food-reinforced responses of one 
subject. The punishment used here is 
a 30-v, 60-cy/sec shock of 30-msec 
duration delivered through 10,000- 
ohms resistance in series with the sub- 
ject. It can be seen that responding is 
reduced immediately by the initial ad- 
dition of the punishment. On succeed- 
ing days the number of responses 
gradually increases, and recovery is 
complete after several days. At that 
time, the number of responses during 
punishment is equal to or greater than 
the number before punishment was in- 
troduced. It can be seen that, when the 
punishment is removed, responding in- 
creases for the first 3 days and then 
returns to a level approximating the 
prepunishment performance. It may be 
noted that the variable-interval sched- 
ule employed permitted the animal to 
receive as many food reinforcements 
during the punishment period as dur- 
ing periods without punishment as long 
as a low trickle of responses was made. 
The changes noted above of (i) a day- 
by-day recovery from the initial effects 
of punishment and (ii) a temporary in- 
crease in responding upon the elimina- 
tion of punishment have both been 
replicated with several other subjects. 

Recovery from the effects of punish- 
ment occurs not only from day to day 
but also within each 1-hour session. 
Figure 2 shows the actual cumulative 
response record for a different sub- 
ject under more severe punishment— 
a shock of 10-ma intensity. Before 
punishment (Fig. 2, top) the rate of 
responding is fairly uniform through- 
out the hour, at about 110 responses 
per minute. Under punishment, how- 
ever (Fig. 2, bottom), the rate of re- 
sponding ‘shows a _ gradual recovery 
throughout the hour. In the first few 
minutes of the punishment period, the 
rate of response is essentially zero, 
but by the end of the hour, the rate 
of response stabilizes at about 15 re- 
sponses per minute. The absence of 
complete recovery from punishment 
here is attributable to the greater in- 
tensity of the shock used. This response 
record was obtained after 20 days 
under punishment and represents a 
fairly stable state. The responses show 
an orderly increase throughout the 
hour, with no increase in variability 
such as is generally assumed to accom- 
pany punishment. The absence of such 
variability is in large part attributable 
to the corresponding lack of variability 
in the shock intensity, a nonvariability 
achieved through the use of implanted 


electrodes rather than the usual elec- 





trified grid. This recovery from the 
initial effects of punishment within 
each session has characterized the be- 
havior of all of the 14 other subjects 
studied, although the degree of recov- 
ery may be somewhat more or less than 
that seen in Fig. 2. It may be noted 
that this recovery does not seem to be 
attributable to any local tissue changes, 
since recovery continued when the 
locus of the electrodes was changed 
during the recovery process. Rather. 
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Fig. 1. Effect of the addition and remov- 
al of punishment upon the food-rein- 
forced responses of one subject. The 
punishment was a brief electric shock 
which followed every response on the 
days between those represented by the 
vertical dashed lines. Food reinforce- 
ment was produced according to a vari- 
able-interval schedule with a mean of 
1 minute on all days. 
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Fig. 2. (Top) Cumulative record of the 
food-reinforced responses of one subject 
prior to the addition of punishment. The 
food reinforcement (not indicated on 
the record) is produced at variable inter- 
vals, the average of which is 1 minute. 
The vertical lines represent the resetting 
of the recorder pen. (Bottom) A cumu- 
lative record of the responses for the 
same subject during punishment. The 
same schedule of food reinforcement 
prevails, but punishment in the form of 
a brief electric shock is produced by 
every response. 
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the phenomenon seems to be very gen- 
eral. Similar recovery has been noted 
with several intensities of punishment, 
levels of food deprivation, and sched- 
ules of reinforcement, as well as with 
electrified grids rather than implanted 
electrodes. 

The temporary increase in respond- 
ing after the removal of punishment 
seems to involve some type of contrast 
effect. Previous studies have revealed 
that the addition of punishment dur- 
ing extinction (J) produced a reduc- 
tion in responding and that the later 
removal of the punishment produced 
a temporary increase in responding 
which appeared to be a type of com- 
pensation for the behavioral reduction. 
This study (3) reveals that this same 
temporary increase follows the removal 
of the punishment, even though the 
punishment has ceased to be effective. 
It appears, therefore, that this com- 
pensatory increase in responding does 
not require that the behavior in ques- 
tion be suppressed at the time the 
punishment is removed. 

NATHAN H. AzRIN 
Anna State Hospital, Anna, Illinois 
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Correction of Sample 
Absorption of Radioactivity 


Abstract. In the method presented here 
for the correction of sample absorption of 
C™ activity, the only requirement is the 
availability of any C"-labeled compound 
of sufficiently high specific activity to per- 
mit addition, in negligible mass, of a num- 
ber of counts equal to or greater than 
that in unknown samples and_ with 
solubility characteristics that exclude 
preferential layering during drying of 
samples. The principle may be applied to 
liquid scintillation counting. Absorption 
curves are dispensed with, and the weights 
of the assayed samples need not be deter- 
mined. 


In a recent article, Hendler (7) has 
presented an elaborate new correction 
for self-absorption of C™* which is based 
on a variable absorption coefficient that 
has been found empirically to decrease 
hyperbolically with the weight of the 
sample. We have for some time em- 
ployed (2) a method for correction due 
to sample absorption of C“ (and other 
weak -emitters) that is extremely 
simple and requires no knowledge of 
the weights of samples, the variability 
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of absorption with weight of sample, 
geometrical conditions, or other factors. 
The method requires only the counting 
of a duplicate sample to which is added, 
before drying, a known quantity of a 
standard solution of the C-labeled 
compound being assayed, the added C™ 
activity being essentially carrier-free 
compared to the weight of the unknown 
sample. 

If U and S represent the number of 
microcuries of C™ present in the un- 
known sample and the added standard, 
respectively, A is the counting rate of 
the unknown sample and B is the count- 
ing rate of the duplicate unknown 
sample containing the added known 
quantity of S, then 


ou = A 
cU+cS=B 


where c is the counting rate per micro- 
curie of C“ under the particular condi- 
tions of assay and is the same for both 
samples. These equations permit de- 
termination of the C“ content of the 
unknown sample in absolute units 
(microcuries) if that of the standard is 
known. However, it is frequently 
necessary to know only the relative C“ 
contents of different unknown samples 
or the C“ content in terms of a standard. 
Then 


U =[A/(B — A)]8 


and unknown samples of varying and 
undetermined weights may readily be 
assayed relative to the standard and to 
each other without further correction for 
absorption in the samples. 

To avoid random errors of small dif- 
ferences, the amount of S added should 
be at least as great as, and preferably 
much greater than, that expected in the 
unknown sample. For greater accuracy 
a third sample may be prepared in 
which the amount of added S is doubled. 

It is not essential that the standard 
C™“ compound be identical with that in 
the unknown sample if the two com- 
pounds do not sediment out differently 
during the plating procedure. This re- 
quirement is easily tested. 

The method is also applicable to 
liquid scintillation counting with a single 
modification. Here, equal volumes of 
solvent, with and without standard, are 
added to duplicate samples of the un- 
known to provide for equal quenching 
in both samples. 

SOLOMON A. BERSON 
RosALYN S. YALow 
Radioisotope Service, Veterans 
Administration Hospital, 
Bronx, New York 
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A Growth-Stimulating Factor for 
an Epithelial Cell Line in a 
Reduced Serum Medium 
Abstract. A concentrate obtained from 
heated solutions of glucose and phosphate 


demonstrated a stimulatory effect upon 
epithelial cells cultured in vitro. Survival, 





attachment to glass, and early cell division 
were influenced favorably. 


A number of references have been 
made concerning the catalysis of bio- 
logically active substances in heated 
solutions containing glucose (J). The 
activity of this heat-catalyzed sub- 
stance(s) has generally been described 
as one of growth stimulation or more 
rapid spore germination. All of the 
existing references reported upon re- 
sults obtained with microorganisms, but 
the activity covered such a rather large 
group of bacteria, yeasts, and molds 
that it seemed worth while to see 
whether a similar result could be ob- 
tained in tissue cultures in which 
mammalian epithelial cells were the 
test system. 

The problem was simplified some- 
what because a concentrate of the 
active material was available from a 
previous study (2). This bacteriologi- 
cally active concentrate was tested and 
was found to produce measurable de- 
creases in the generation time of mam- 
malian cells up to 8 days in culture, 
This effect was most pronounced when 
moderately small inocula were used 
and when the serum concentration was 
reduced below the optimum concen- 
tration. 

The concentrate, designated GP fac- 
tor, was isolated from a solution con- 
taining 150 gm of glucose, 20.1 gm of 
K:HPO: and 9.9 gm of KH:PO; in 
1500 ml of demineralized water. The 
solution was autoclaved for 20 minutes 
at 15 lb pressure, cooled, and absorbed 
with 10 gm of acid-washed Norit A for 
12 hours. The charcoal was then 
washed successively with water and 
methyl alcohol until the filtrate was 
colorless. The active factor was then 
eluted from the charcoal with a 40 : 60 
pyridine-water solution. Vacuum dis- 
tillation of this eluate yielded a dark 
brown, pyridine-free residue, which was 
resuspended in 20 ml of water and 
filter-sterilized for testing. 

An inoculum of about 10,000 cells 
per milliliter was used in these tests and 
was taken from glass-grown cultures 
of HELA (original) cells. The cells 
were removed from the glass by scrap- 
ing with a rubber policeman, trypsinized 
for even suspension, washed twice by 
centrifugation in basal salt solution, 
and then added to cultures containing 
varying amounts of horse serum. The 
inoculum size was determined by whole 
cell counts in a hemacytometer. The 
cells were examined at selected time 
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intervals by microscopic observation of 
stained cells grown on cover glasses in 
Leighton tubes, and by direct counts, 
for cell increase. 

In some of the tests NaHCO, (0.0002 
gm/ml) was added and filtered as a 
component of the medium. In other 
tests the bicarbonate was filtered sep- 
arately and then added aseptically to 
the medium to give a final concentra- 
tion of 0.002 gm/ml. This difference 
in bicarbonate concentration produced 
such a striking difference in growth 
response that the former was used as 
a minimal medium while the latter was 
used as an optimal medium. 

The GP factor was active over a 
concentration range of 10 to 250 pg/ 
ml; however, the optimal concentration 
was 100 pg/ml. Toxicity was en- 
countered when the concentration ex- 
ceeded 250 pg/ml. 

In the minimal medium containing 
10 percent horse serum, the time re- 
quired for the cells to attach and flatten 
to the glass was about 48 hours and 
the generation time was approximately 
40 hours unless the inoculum exceeded 
20,000 cells/ml. As the serum con- 
centration was reduced, the flattening 
and generation times were increased, 
until at 2.5 percent the medium was 
merely a maintenance medium in which 
no cell increase was observed. Addition 
of the GP factor to the medium with 
2.5 percent serum produced an increase 
of one generation at 8 days. When the 
GP factor was tested with the serum 
concentration at 5.0 percent, the growth 
was equal to that obtained with cultures 
grown in medium containing 10 percent 
serum, and exceeded that of the 5.0 
percent serum control by 11% genera- 
tions at 8 days. It was evident that the 
GP factor was supplementing or par- 
tially substituting for some component 
of the horse serum. 

When these cultures were examined 
microscopically by using stained prep- 
arations, the 4-day cultures revealed 
that 8.7 percent of the cells were in 
some stage of mitosis. Those grown 
in 10 percent serum and in the absence 
of the factor had only 0.3 percent of 
the cells in mitosis. At 6 days the dif- 
ference in the number of mitotic cells 
had decreased to 2 percent, and at 8 
days there were more cells in mitosis, 
on a percentage basis, in the cultures 
without the factor. 

When GP factor was added to the 


optimal medium (tenfold increase in. 


NaHCO,) with 10 percent horse serum 
there was no significant improvement in 
flattening or growth time. The GP 
factor growth response was, however, 
apparent when the serum concentration 
was reduced to 7.5 percent or lower. 
No difference in flattening time was 
seen at any serum concentration tested. 

While the GP factor is not a chemi- 
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cally defined compound, it does repre- 
sent a material of potential biological 
importance, and any knowledge of its 
structure could be of value. The mate- 
rial is remarkably difficult to analyze 
by routine chemical tests. The only 
evidence for chemical structure was ob- 
tained from bacterial assays where the 
material was subjected to tests for 
stability to certain chemical treatments. 
Loss of activity as a result of treatment 
was presumed to indicate reaction with 
the test agent. Suitable toxicity controls 
containing GP factor were included. 
The results of these tests suggest that 
the active substance is a carboxylic 
acid possessing at least one hydroxyl 
group and certain unsaturated bonds 
which are requisite to activity. Evidence 
from growth tests for or against a 
carbonyl group was inconclusive, al- 
though tests with AgNO, and Schiff’s 
reagent were weak or negative, as was 
the FeCl, test for phenolic or enolic 
compounds. Growth tests using mam- 
malian cells were more difficult to run 
because they are much more sensitive 
than bacterial cells. Chemical and 
physical tests reveal the material con- 
tains no nitrogen, phosphorus, or sul- 
fur. In fact, it is composed exclusively 
of carbon, hydrogen, and oxygen. 

A chelate mechanism for the factor 
was suggested from bacterial studies 
when otherwise toxic concentrations of 
Mn* permitted good growth in the 
presence of the GP factor. When 
mammalian cells were tested it was 
evident that concentrations of Mn* that 
permitted growth were toxic when GP 
factor was added. A number of chelates 
(ethylenediaminetetraacetic acid, me- 
conic acid, reductone, and kojic acid) 
were active in a manner similar to 
that obtained with GP factor in bac- 
terial growth studies, yet in the mam- 
malian system this could not be demon- 
strated. 

It would appear that this factor has 
some common property that encourages 
early growth of some microorganisms 
and some mammalian cells, even though 
the mechanism appears to be different 
for each. With mammalian cells the 
factor demonstrates two of the proper- 
ties reported for fetuin (3), the skim 
milk factor (4), and serine (5), in that 
it promotes early and firm attachment 
of cells to glass and partially substitutes 
for the growth-promoting materials 
present in serum (6). 

Tom P. SERGEANT 
SIDNEY SMITH 

Department of Biology, 
Trinity University, San Antonio, Texas 
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Determination of the Earth’s 
Gravitational Field 


Abstract. Brenner et al. have pointed 
out that spurious variations may be in- 
troduced into computation of satellite 
orbits by a combination of the use of 
osculating elements and a maldistribution 


_ of the observations. They suggest that this 


circumstance is the source of the eccen- 
tricity variations in the Vanguard I orbit 
which have been attributed to the third 
zonal harmonic. This criticism is based on 
a misunderstanding of the Vanguard orbit 
and tracking programs.. The source mate- 
rials for our study of the third zonal 
harmonic were not osculating elements, 
and the observations were in fact uniform- 
ly distributed around the Vanguard I orbit. 


Brenner, Fulton, and Sherman (/) 
of the Stanford Research Institute have 
studied the variation of the osculating 
elements in a near satellite of the earth. 
They point out that the osculating ele- 
ments show short-period variations, and 
that these short-period variations may 
masquerade as long-period terms of the 
type produced by higher harmonics in 
the earth’s field, if the observations are 
not well distributed around the orbit. 
From this and certain criticisms of the 
distribution of Minitrack stations in 
the Vanguard network, they deduce 
that the third harmonic found by my- 
self and my co-workers at the National 
Aeronautics and Space Administration 
(2) and by Kozai (3) at Harvard is 
spurious, and conclude that “evidence 
that the Earth’s potential field has an 
odd harmonic is lacking.” 

This criticism is based on a misun- 
derstanding of the Vanguard orbit and 
tracking programs. First, the orbital 
elements in our calculations are not 
osculating elements, as Brenner et al. 
assume; they are instead the constants 
of integration in a Hansen-type theory. 
Apart from the effects of drag and odd 
harmonics, these constants should show 
no variations. Brenner et al. advocate 
the replacement of the presumed oscu- 
lating elements by another set of con- 
stants, in which the periodic variations 
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do not appear, as.a means of eliminat- 
ing the misleading effects to which they 
refer. This program has in fact already 
been carried out by Herget and Musen 
(4) and forms the basis for the Van- 
guard orbital calculations. Second, the 
distribution of the Minitrack stations is, 
as pointed out by the Stanford Research 
Institute group, concentrated along the 
70th meridian. However, the location 
along the meridian does not imply a 
bias favoring a particular portion of the 
orbit, as they suggest. The rotation of 
the earth actually spreads the successive 
observations out along the orbit at very 
reasonable intervals of about 35 de- 
grees. 

JOHN A. O’KEEFE 
Goddard Space Flight Center, 
National Aeronautics and Space 
Administration, Washington, D.C. 
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Colors of All Hues from 
Binocular Mixing of Two Colors 


Abstract. Land has recently studied the 
perception of colors resulting from ap- 
propriate mixtures of two colors or of one 
color and light from an incandescent lamp. 
In an “image situation,” colors of all 
hues may result from such mixtures. The 
findings presented demonstrate that the 
mixing which Land accomplished by 
superimposing two projected images on a 
screen can be achieved when the two 
color separation images are _ presented 
simultaneously but separately to the two 
eyes. 


The problem of binocular fusion of 
colors has interested investigators since 
Hecht’s demonstration in 1928 that pre- 
senting red to one eye and green to the 
other led to a subjective sensation of 
yellow (/). Hurvich and Jameson (2) 
confirmed these results; it is today gen- 
erally accepted that such fusion is 
readily obtainable in most subjects. 

Land (3, 4) has recently considerably 
extended the early work of Fox and 
Hickey (5) and of Bernardi (6) on 
colors resulting from mixtures of two 
colors or of one color and light from 
an incandescent lamp. In the “image 
situation” (that is, a complex array of 
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natural objects), colors of all hues may 
result from such mixtures. We decided 
to study the question of whether or 
not such mixing occurs when the two 
color separation images were presented 
simultaneously but separately to the 
two eyes. 

Our experimental procedure followed 
Land’s closely, deviating primarily in 
the technique of viewing. A complex 
scene was photographed on Kodak 
35-mm_ direct positive film through 
various Kodak Wratten filters. Pairs of 
positive transparencies were selected in 
which the scale of grays was complete. 
The positives were then viewed in a 
Kodak stereoscopic viewer (however, 
the pictures used were not stereo pairs) 
with appropriate filters place in each 
half. Thus, in a typical experiment a 
scene was photographed through a 
Kodak Wratten filter No. 29 (red) and 
through a Kodak Wratten filter No. 58 
(green). The black and white positive 
photographed through the red filter 
was placed on the left with a No. 29 
filter and the positive photographed 
through the green filter was placed 
on the right with either a No. 58 filter 
or with no filter at all. A pair of crossed 
polarizing screens (Kodak Polascreen) 
placed on the brighter side was adjusted 
for optimum color. The brightness con- 
trol of the viewer was then adjusted 
for maximum color saturation. 

Under these conditions of binocular 
mixing, as full a range of colors was 
seen as had been obtained by projecting 
the two images on a screen, as in Land’s 
experiments. If the filters were inter- 
changed, “color reversal” occurred (that 
is, greens appeared as reds and vice 
versa). 

The balancing of brightness in the 
two images is of critical importance 
since, otherwise, many subjects have 
great difficulty in fusing the colors, 
seeing predominantly with one eye. 
This effect varies from subject to sub- 
ject, presumably because of varying 
degrees of retinal rivalry. Retinal ri- 
valry probably also explains the fact 
that the perception of the colors may 
vary in time, in contrast to their con- 
stancy when projected and _ super- 
imposed. 

Under the conditions of this experi- 
ment, the perception of colors of all 
hues from two-color mixtures cannot 
be a purely retinal effect but must in- 
volve the interaction of higher centers. 

Students of simple binocular color 
mixing have tended to explain their 
experiments in terms of color mixing 
at some level higher than the retina (/) 
or as the central “cancellation” of the 
hues not common to the two eyes, 
leaving the hue common to the two 
eyes to be perceived centrally (2). An- 
other equally acceptable explanation is 


that the images in each eye initiate 
reflexes at higher levels whose efferent 
limbs modify the response of the oppo- 
site retina. Because of the possibility 
that this explanation is correct, it can- 
not be excluded that under some con- 
ditions the perception of colors of all 
hues from two-color mixture is a 
retinal effect, or that parallel mech- 
anisms are present in the retina and 
higher centers (7). 

NorRMAN GESCHWIND 

JOHN R. SEGAL 

Department of Neurology, 
Veterans Administration Hospital, 
Boston, Massachusetts 
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Interspecific Transformation of 
Neisseria by Culture Slime 
Containing Deoxyribonucleate 


Abstract. Genetic change of Neisseria 
meningitidis is elicited by deoxyribonu- 
cleate preparations obtained from N. sicca. 
Such interspecific transformation is effected 
not only by deoxyribonucleate obtained 
from cells by conventional methods but 
also by crude deoxyribonucleate-containing 
slime which accumulates without experi- 
mental intervention in some cultures in- 
cubated for a period as short as 44 hours. 


Deoxyribonucleates (DNA) of higk 
molecular weight are recognized ax 
determinants of bacterial heredity (/). 
Deoxyribonucleate which has been ex- 
tracted from donor bacteria after lysis 
by added deoxycholate or other lytic 
agents, and extensively purified, elicits 
heritable change (transformation) when 
applied in minute quantities to suitable 
recipient bacteria. The genetic changes 
which have been. studied affect numer- 
ous properties of the bacteria, including 
virulence, specificity of antigens, cellu- 
lar and colonial morphology, resistance 
to various antibacterial agents, and 
capacity to utilize certain compounds 
for nutritional purposes (J, 2). Accu- 
mulated evidence led Hotchkiss (/) to 
the conclusion that the transforming 
DNA contains biologically specific 
entities operationally equivalent to bac- 
terial genes. 
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Recently, highly polymerized DNA 
has been found extracellularly in ordi- 
nary cultures of a variety of bacteria; 
it is observable when a slimy sediment 
or pellicle accumulates (3). In cultures 
of Micrococcus halodenitrificans (4), 
Pseudomonas fluorescens, and Neisseria 
meningitidis (5), slime DNA accumu- 
lated under conditions associated with 
loss of viability of some cells of the 
population (obscured in young cultures 
by multiplication of viable cells), and 
was accounted for as intracellular DNA 
liberated by lysis. Crude culture slime 
of N. meningitidis strain 15, as well as 
purified preparations of DNA from in- 
tracellular and from extracellular sites, 
exhibited transforming activity for re- 
cipient cells of the same species (5). 
The possible occurrence in nature of 
transformation has been suggested (6) 
as a means by which surviving cells of 
a mixed population might acquire, and 
thus preserve, certain heritable proper- 
ties of cells which have been killed and 
lysed by a selectively deleterious agent 
(for example, penicillin). The presence 
of genetically active DNA released into 
the culture medium without experi- 
mental intervention offers further sup- 
port’ for this possibility (5). Slimes 
containing DNA may provide actual 
“gene pools” from which by transfor- 
mation microorganisms may randomly 
withdraw genetic units. The range of 
possible transformation thus becomes a 
problem of considerable interest. If 
genes from members of other species 
or more distantly related groups can be 
incorporated into the genetic structure 
of a cell, the range of consequences of 
transformation will be extended. The 
idea that transformation might play an 
important role clinically by changing 
the inheritance of the large reservoir of 
nonclassifiable Neisseria found in the 
human nasopharynx was suggested (7), 
though no evidence was available. More 
recent investigations have demonstrated 
transformation reactions between dif- 
ferent species of Haemophilus (8), and 
between pneumococci and streptococci 
(9-11). 
Possible interspecific transformation 
of Neisseria has been studied, as part of 
an investigation (/2) concerning the 
range of transfer of genetic information. 
Apart from the two common pathogenic 
members of Neisseria, meningitidis and 
gonorrhoeae, the definition of species 
within this genus is far from clear (73); 
however, for determinative purposes, 
various species have been characterized 
(14). Neisseria sicca strain 12, used in 
this study, was isolated several years 
ago from the nasopharynx of a healthy 
student, and was retained (at —60°C) 
in the culture collection because it was 
typical (74). 

A single-step mutant resistant to 
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1000 yg of streptomycin (str) per milli- 
liter (strain 12 str-r) was obtained from 
the sensitive N. sicca. Both strains 
characteristically developed slimy sedi- 
ments in cultures of brain heart in- 
fusion (Difco; 200 ml in liter flasks, 
mechanically shaken for the initial 20 
hours) incubated at either 37° or at 
25°C. Slimes aseptically removed from 
cultures of various ages were tested for 
transforming activity. That an essential 
component of these slimes was extra- 
cellular DNA was shown, as previously 
described (3), by their rapid loss of 
slimy consistency upon addition of crys- 
talline pancreatic deoxyribonuclease. 
Preparations of intracellular DNA, ob- 
tained from detergent-lysed cells of N. 
sicca 12 str-r and from two str-r strains 
of N. meningitidis strain 15, were puri- 
fied by methods (5) which included 
deproteinization with detergent. 
Transforming activity was investi- 
gated by exposing competent meningo- 
cocci (suspended in heart infusion 
broth, Difco, at 36°C) to various dilu- 
tions of each DNA-containing material. 
Crystalline deoxyribonuclease and mag- 
nesium ions were added after 15 to 30 
minutes to destroy the transforming 
activity of unbound DNA. The total 
number of cells (or colony-forming 





units) exposed to DNA (E) was deter- 
mined quantitatively by plating a suit- 
ably diluted sample in str-free medium 
(15). Str-r transformants (T) were 
assayed as follows: A sample of the 
reaction mixture (0.1 to 2.0 ml, taken 
within 1 hour) was mixed with 40 ml 
of liquefied str-free HIY-1 soft agar, 
and 4-ml aliquots were pipetted on top 
of supporting layers (20 + 0.5 ml) of 
10 HIY-1 hard agar plates. Cells were 
thus confined in agar before the str-r 
trait was developed or the transformants 
multiplied; plates were placed at 37°C 
without delay. Phenotypic expression 
was complete 5 hours after initial ex- 
posure to transforming DNA (5), and 
the cells were challenged with str by 
overlaying the inoculated agar with 4 ml 
of HIY-1 soft agar containing a quan- 
tity of str sufficient to make 500 pg/ml 
after diffusion throughout the under- 
lying agar. Colonies developing on 
plates incubated at 37°C for 3 to 4 
days were counted, and the transforma- 
tion ratio was calculated (7T/E, multi- 
plied in this paper by 10° to avoid 
undesirably small numbers). Controls 
for each test consisted of dilutions of 
culture slime or of DNA which had 
been inactivated by crystalline deoxy- 
ribonuclease 5 minutes before recipient 


Table 1. Transforming activity for Neisseria meningitidis of deoxyribonucleate-containing materials 
from N. meningitidis (strain 15) and from N. sicca (strain 12). 








Recipient cells 


Str-r trans- 





(strain; No. Material tested “ae formants an 
exposed /ml) (E) (No. /ml) (7) 
Experiment A 
15 str-s; 2.5 X 106 15 ery-r str-r DNA, 0.8 ug/ml 15 4546 182 
15 ery-r str-r DNA, 0.1 xg /ml 15 2175 87 
15 ery-r str-r DNA, 0.001 ug/ml 15 65 2.6 
12 str-r DNA, 10.0 yg/ml 15 290 11.6 
12 str-r DNA, 2.0 ug/ml 15 223 8.9 
12 str-r DNA, 0.8 yg/ml 15 191 7.6 
12 str-rr DNA, 0.1 ywg/ml 15 82 a.m 
12 str-r DNA, 0.01 ug/ml 15 21 0.8 
12 str-r DNA, 0.001 ug/ml 15 3 0.1 
Experiment B 
15 str-s; 8.6 X 105 15 ery-r str-r DNA, 5.0 ng/ml 15 1066 124 
12 str-r DNA, 5.0 ug/ml 15 63 ae 
Experiment C 
15 car-r str-s; 4.3 XK 106 15 ery-r str-r DNA, 5.0 ug/ml 25 9340 217 
12 str-r DNA, 5.0 ug/ml 25 364 8.5 
12 str-r 44-hr slime, dild. 1:10 25 2 0.05 
12 str-r 44-hr slime, dild. 1:100 25 12 0.28 
Experiment D 
15 car-r str-s; 3.2 X 106 15 strer DNA, 5.0 yg/mi 30 4120 129 
15 str-r DNA, 1.0 ug/ml 30 3715 116 
15 str-r DNA, 0.1 pg/ml 30 2308 72 
15 str-r DNA, 0.01 ug/ml 30 589 18 
12 str-r DNA, 5.0 ug/ml 30 379 12 
12 str-r DNA, 1.0 pg/ml 30 346 11 
12 str-r DNA, 0.1 ug/ml 30 200 6.3 
12 str-r DNA, 0.01 pg/ml 30 58 1.8 
12 str-r 62-hr slime, dild. 1:25 30 35 1.1 
12 str-r 62-hr slime, dild. 1:100 30 121 3.8 
12 str-r 62-hr slime, dild. 1:250 30 108 3.4 
12 str-r 16-day slime, dild. 1:25 30 288 9.0 
12 str-r 16-day slime, dild. 1:100 30 262 8.2 
12 str-r 16-day slime, dild. 1:250 - 30 267 8.3 





cells were added; in all other respects 
similar to the transformation tests, 
these controls were uniformly negative 
in all tests reported. 

Sterile solutions of purified DNA 
preparations were examined for capac- 
ity to transform cells of N. meningiti- 
dis 15 str-s, a strain inhibited by less 
than 1 pg of str per milliliter which 
had been isolated from spinal fluid of a 
fatal non-epidemic case of meningitis. 
Representative results are compiled in 
Table 1 (experiments A and B). Men- 
ingococci were transformed to str- 
resistance by as little as 10° yg of 
DNA per milliliter of the preparation 
extracted from N. sicca 12 str-r, and 
the number of transformants was a 
function of the quantity of DNA em- 
ployed. Transformation ratios for this 
meningococcus strain ranged from 
17 to 26 times greater with correspond- 
ing concentrations of a DNA prepara- 
tion from meningococcus (a_ strain 
resistant to both erythromycin and to 
str) than with one from N. sicca (com- 
pare with 8, 9). 

To investigate the transforming ac- 
tivity of N. sicca culture slime, carbo- 
mycin (car, 16) was used to eliminate 
the growth of viable slime-donor cells, 
without affecting the slime DNA or 
growth of the recipient cells (in this 
case, a mutant of N. meningitidis 15 
resistant to 50 yg of car per milliliter). 
Recipient cells were exposed to the 
DNA-containing material in the usual 
antibiotic-free medium; thereafter, they 
were plated in agar containing 12.5 to 
25 pg of car per milliliter, which did 
not interfere with the selective action 
of str added later. With this strain, also, 
preparations of purified DNA, which 
were examined for comparative pur- 
poses, elicited both intraspecific and 
interspecific transformations (Table 1, 
experiments C and D). 

Transforming activity was exhibited 
by crude slimes removed from cultures 
ranging in age from 2 to 16 days. 
Viable cells numbering over 108/ml 
were present in all slimes from N. sicca 
12 str-r cultures in brain heart infusion 
broth sampled during the first 5 days 
of incubation. Indeed, the slime har- 
vested at 44 hours (and tested for 
transforming activity, Table 1, experi- 
ment C) contained 1.3 xX 10° colony- 
forming units per milliliter; the culture 
incubated for 16 days (Table 1, experi- 
ment D), on the other hand, was 
essentially sterile. An inverse correla- 
tion was observed between transforming 
activity and number of viable cells 
present in the culture slime, This would 
be anticipated if increased cellular lysis 
associated with aging of cultures re- 
leased more DNA. In addition, intact 
N. sicca cells, which could undergo 
some metabolic activities but could not 
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form colonies in the presence of car, 
appeared to exert an adverse effect on 
str-r transformation or on colony for- 
mation by meningococcus transform- 


ants. Thus, slimes obtained from cul- 
tures incubated for periods of 44 to 116 
hours were more effective as _ trans- 
forming agents when diluted 1:100 
immediately before use, than when used 
in final dilutions of 1:5 to 1:25. On the 
other hand, no increase of transforma- 
tion ratio with dilution was observed 
with the sterile (16-day) culture slime. 
A dilution of 1:500 examined for one 
culture slime (not shown) resulted in 
fewer transformants than were obtained 
with the 1:250 dilution of the same 
slime, as would be expected from re- 
sults with decreasing concentrations of 
purified DNA preparations. 

B. WESLEY CATLIN 
Department of Microbiology and 
Immunology, Marquette University 
School of Medicine, 
Milwaukee, Wisconsin 
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fined in agar. A _ test performed in the 
absence of DNA, or of DNA degraded with 
nuclease, does not provide an adequate con- 
trol for a transformation test, for these 
environments are not the same. 

12. This work was supported by research grant 
E-2353 from the National Institute of Allergy 
and Infectious Diseases, U.S. Public Health 
Service. 

13. G. S. Wilson and A. A. Miles, Principles of 
Bacteriology and Immunity (Williams and 
Wilkins, Baltimore, Md., 1955). 

14. R. S. Breed, E. G. D. Murray, N. R. Smith, 
Bergey’s Manual of Determinative Bacteri- 
ology (Williams and Wilkins, Baltimore, Md., 
1957). 

15. The plating medium, HIY-1 agar, was heart 


infusion broth with 0.3 percent Bacto yeast 
extract and agar (0.7 percent for “‘soft agar,” 
or 1.4 percent for “hard agar,” all Difco), 
further supplemented aseptically with 250 yg 
of sodium ribonucleate per milliliter, 0.00005M 
sodium glutamate, and 0.0005M CaCl.. 

16. Magnamycin, a gift of Chas. Pfizer & Co. 
Inc. 
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Effect of Acclimation on the 
Preferred Body Temperature of the 
Lizard, Sceloporus occidentalis 


Abstract. The preferred body tempera- 
ture was determined for several groups of 
Sceloporus occidentalis previously accli- 
mated to several constant temperature 
levels. Acclimation to a high temperature 
(35°C) resulted in the selection of a 
lowered mean preferred body temperature, 
whereas acclimation to lower temperatures 
(12°C and 25°C) produced no change in 
the preferred body temperature. 


In recent years considerable interest 
has been directed towards the con- 
trolling mechanism of thermoregulation 
in poikilotherms. Current interest in 
reptilian thermoregulation was initiated 
by Cowles (/), and the entire subject 
has been reviewed recently by Saint- 
Girons and Saint-Girons (2). Concern- 
ing the control of thermoregulation, 
Rodbard (3) described a temperature- 
sensitive area in the brain of the 
turtle, and some other aspects of con- 
trol, especially behavioral, have been 
reviewed by Bogert (4). More recently, 
Stebbins and Eakin (5) have reported 
on the parietal eye of lizards as in- 
fluencing over-all exposure to heat. 

Of equal importance is the role of 
acclimation in modifying temperature 
tolerances and preferred body tempera- 
ture of certain poikilotherms. Lowe 
and Vance (6) demonstrated a direct 
relationship between acclimation and 
the critical thermal maximum of lizards, 
and Dawson and Bartholomew (7) 
have shown a relationship between 
acclimation and oxygen consumption. 
Garside and Tait (8) have reported 
results of acclimation on preferred tem- 
peratures in fish, This paper is a discus- 
sion of experiments designed to ascer- 
tain the effects of acclimation on ther- 
moregulatory behavior and the pre- 
ferred body temperatures of lizards. 

Fifty-three fence lizards, Sceloporus 
occidentalis, collected in Berkeley, Cali- 
fornia, were used in the experiments, 
which were conducted in two stages, the 
first during September and October of 
1958, and ti:e second during March 
and April of 1959. Fall and spring 
groups were treated equally, except that 
during the fall no controls were utilized. 
The spring group was divided between 
control and experimental animals of 
approximately equal size, weight, and 
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sex distribution. Each experimental 
group was treated in the following man- 
ner. The freshly collected animals were 
first kept for 5 days at room tempera- 
ture (21° to 26°C) and supplied with a 
surplus of food and water. They were 
then placed in a constant temperature 
environment for 14 days. Each group 
of animals was acclimated to 35°, 25°, 
and 12°C, in that order. After 14 days 
at the constant temperature they were 
placed in separate runways within a 
photothermal gradient. After allowing 
2 hours for the animals to become 
familiar with their surroundings, we 
recorded body temperatures at hourly 
intervals over an 8-hour period with a 
quick-recording Schultheis, 0° to 50°C 
thermometer inserted into the cloaca. 
The photothermal gradient used was 
described by Stebbins and Eakin (5). 
The temperature range during the peri- 
od of observation remained from about 
25°C at the cool end to 55°C at the 
heated end. As pointed out previously 
(5), these temperatures were well above 
the upper and lower extremes of body 
temperatures recorded in these lizards 
during periods of activity in the wild. 
The animals were not fed while in the 
gradient, but water was supplied. The 
shelter provided by Stebbins and Eakin 
was removed. ; 
In the fall (1958) experiments, ani- 
mals were left in the runways for 24 
hours at 20° to 25°C, then tested again 
when the gradient was established. We 
noted no difference in the group over 
the 24-hour “rest period.” This indi- 
cated that the resuits probably were not 
attributable to a fatigue effect and that 
acclimation persists for at least this 
time interval. The spring (1959) 
groups were tested only once. After 
the desired body temperatures were 
secured, the animals were placed in 
cages and provided with food and 
water. They were kept at room tem- 
perature (21° to 26°C) for 7 days, 
then reintroduced into a constant tem- 
perature environment for acclimation 
to one of the other experimental tem- 
peratures. 


Table 1. Influence of the previous thermal 
experience on mean preferred body temperature 
in Sceloporus occidentalis. Numbers after 
temperature are one standard error of the mean. 
C, control; E, experimental. 


No. of No. of 
animals readings 


Combined 


Groups means (°C) 





Previously acclimated to 12°C 


Cc 14 112 33.8+ 0.10 

E 43 344 33.7+ 0.43 
Previously acclimated to 25°C 

E 25 220 33.2+ 0.60 
Previously acclimated to 35°C 

Cc 21 163 33.6 + 0.27 

E 52 382 30.1 + 0.65 
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In the spring a control group was 
treated exactly as the experimentals, 
except that during the 14-day acclima- 
tion period they were maintained at 
room temperature (21° to 26°C). Con- 
trols and experimental animals were 
placed within the gradient, and marked 
so that they could be returned to the 
same runway each time. Body tem- 
peratures of animals buried in the sand 
substrate were recorded along with 
those on the surface. 

The results of the experiments are 
given in Table 1. The data show a 
valid statistical difference (P = < 
0.01) between the mean preferred bod 
temperature of animals acclimated to 
35°C (30.6° + 0.48°C) and the con- 
trols (33.8° + 0.10°C). However, 
there is no significant difference be- 
tween the 12° group and the controls. 
The 25° group, run only in the fall, 
did not differ statistically from the 12° 
group in preferred body temperature, 
but the mean of this group does fall 
between the 12° and 35°C groups. 

Neither the 12° nor the 35° group 
differed between fall and spring; thus 
we could compare data from spring 
controls with all data on experimentals. 

Since there were no sexual differences 
in preferred body temperatures within 
any of the groups, none of the data are 
separated on the basis of sex. Com- 
parisons of the means for buried ani- 
mals and those on the surface revealed 
no difference. Therefore, body tempera- 
tures of animals buried in the runways 
are included in both control and ex- 
perimental groups. 

Garside and Tait (8) did not attempt 
to interpret their findings other than 
to mention that the inverse relation- 
ship between acclimation temperature 
and preferred temperature was an un- 
expected phenomenon, since most 

studies with fish have shown a direct 
relationship between preferred tempera- 
ture and acclimation temperature. 

All work to date has shown the 
ability of lizards to thermoregulate, and 
some species show marked stenotherm- 
ism during periods of activity. This 
suggests that there is a narrow thermal 
optimal range for the physiological 
processes of such species. However, 
when lizards are exposed to tempera- 
tures at or near the mean of this so- 
called optimal range for an extended 
period, a deleterious effect occurs. 
Wilhoft (9) found thyroid hypertrophy 
and decreased viability in S. occiden- 
talis kept at 35°C. Dawson and Bar- 
tholomew (7) reported that Sceloporus 
that were acclimated at a temperature 
near the “optimal” (33°C) consumed 
oxygen at a lower rate than those 
acclimated to lower temperatures when 
tested at several temperature levels 
(16°, 28°, and 33°C). 





Lizards exposed to constant high 
temperatures are forced into metabolic 
excesses; thus, the thyroid hypertrophy 
observed by Wilhoft (9) might repre- 
sent a response to the increased oxi- 
dative processes, whereas the decrease 
in oxygen consumption demonstrated 
by Dawson and Bartholomew (7) 
might be considered a homeostatic re- 
sponse, probably one of many which 
function to prevent the animal from 
physiologically “burning itself out.” 
Our results indicate a behavioral ther- 
moregulatory response that probably 
accompanies, and perhaps is responsible 
for, the reduced rate of oxygen con- 
sumption. The desirability of a com- 
bined thermoregulatory and metabolism 
study is evident. 

DANIEL C. WILHOFT 

JAMES D. ANDERSON 
Museum of Vertebrate Zoology, 
University of California, Berkeley 
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Simple Telemetering System for 
Signaling High Rumen Pressures 


Abstract. The.construction of a modified 
Hartley oscillator transmitter activated 
through a pressure switch is described. 
When this device is placed within the ru- 
men of a cow which is allowed unrestricted 
movement in the pasture, frequency- 
modulation signals are transmitted to a 
recording receiver whenever a preselected 
pressure is exceeded. The pressure at which 
transmission begins is determined by the 
capacitance across the coil of the circuit. 


One of the difficulties encountered 
in studying bloat is the need for mak- 
ing intermittent or continuous visual 
observations of experimental animals. 
One or more individuals must watch 
the animals, and such observations are 
normally limited to daylight hours. 
Any method of recording intraruminal 
pressure which involves the use of 
tubes or wires connected to the animal 
limits its movement. Therefore it is 
desirable to have an instrument which 
will signal such pressures and yet al- 
low unrestricted movement within the 
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feed lot or pasture. Another disad- 
vantage of visual observations or man- 
ual measurements is the lack of stand- 
ardization between individuals and be- 
tween research stations. Scores for 
bloat severity based upon these meth- 
ods may range from 1 to 3 (slight, 
moderate, severe) on one scale or from 
1 to 6 on another. 

One instrument for measuring ru- 
men pressures was developed by Klei- 
ber (1). This instrument, called the 
“tympanometer,” measures the amount 
of thrust necessary to force a stiff 
metal plate into a plane determined by 
a ring pressed into the flank of the 
animal. Although the inner tube of an 
automobile tire and a basketball biad- 
der were used to calibrate this instru- 
ment, it does give objective results 
which can be measured in absolute 
values. 

A capsule pressure-telemetering sys- 
tem for medical use for human beings 
has been developed for the Rockefeller 
Institute for Medical Research by the 
Radio Corporation of America (2). 
This capsule is approximately 20 mm 
long and 8 mm in diameter. The oper- 
ating life per battery charge is about 
3 days; the transmitting distance is 
only a few inches. These limitations 
make such a system unsuitable for 
studies of animals in pasture. 

During work that was undertaken 
to develop a telemetering system for 
continuous recording of pressure 
changes within the rumen, a small, in- 
expensive, reliable transmitter was 
constructed. This instrument, which 
does away with the need for individual 
observations of the animals, signals 
to a radio receiver whenever rumen 
pressure rises above a_ preselected 
point. The materials and methods nec- 
essary for the construction of such a 
transmitter are as follows. 

The circuit diagram shown in Fig. 
1 illustrates a modified Hartley oscil- 
lator in which a 2N35 n-p-n transistor 
is used in place of vacuum tubes. The 
entire unit is approximately 25 mm in 
diameter and 150 mm long. Thus, it 
passes easily into the rumen by way 
of the mouth and esophagus but is 
large enough so that it will not pass 
from the rumen into the omasum or 
abomasum. 

The parts required for construction 
are as follows: one 10-mh ferrite-core 
coil; one 390-kohm resistor; one 10- 
kohm resistor; one 2N35 n-p-n transis- 
tor; one Lucite case; one rubber cap; 
one micro pressure switch; one 9-volt 
battery; two 0.01-yf capacitors; one 
ceramic capacitor (100- to 400-uyf, as 
needed for tuning the circuit). 

The life of a 9-volt battery in this 
system is approximately 12 days when 
there is continuous transmission. The 
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Fig. 1. Circuit diagram of the rumen pres- 
sure transmitter. 
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Fig. 2. Relationship of capacitance to fre- 
quency. A ceramic capacitor of 100- to 
400-uuf capacitance, inserted across the 
coil, determines the frequency, in kilo- 
cycles, of a signal transmission. 


life of the battery is greatly prolonged 
by use of a micro pressure switch. This 
switch is normally open, and there is 
no transmission or battery drain when 
rumen pressures are below a selected 
level. Whenever pressures exceed this 
level the system is activated, and it 
is when a high pressure is maintained 
for long periods that bloat occurs. If 
no bloat occurs, or if bloat is subacute, 
the life of the battery is indefinite. 
The selection of the frequencies to 
be used depended upon several factors. 
The Federal Communications Commis- 
sion permits low-power communica- 
tion devices to be operated without a 
license provided they do not cause in- 
terference with the reception of li- 
censed radio stations. This limitation, 
together with the low degree of inter- 
ference and attenuation caused by the 
body wall, determined the selection of 
a transmitting frequency range of from 
75 to 150 kilocycles. A relatively in- 
expensive all-wave radio is used as a 
receiver. The antenna for the receiver 
is a single-turn loop of rubber-covered 
wire (18-gauge), which surrounds the 
field. An antenna of this type tends to 
rule out interfering signals which orig- 


inate outside the field, causes greater 
coupling between the transmitter and 
the receiver than antennas of other 
types and is less dependent upon the 
position of the animal within the field, 
The fence around the field has been 
used as an antenna, but stronger re- 
ception is obtained when the single- 
wire antenna is used. 

The largest field in which this 
equipment has been used is approxi- 
mately 150 yards square. Clear trans- 
mission is obtained within this area, 
with little outside interference. Inas- 
much as this field is within a rather 
heavily populated and industrial area, 
the maximum area that can be covered 
with this equipment is not known at 
present. 

The telemetering system can be used 
in two different ways, depending on the 
information desired. If one wishes to 
know only whether any of the animals 
are bloating, then all the transmitters 
are tuned to the same frequency and 
the receiver is set for this frequency. 
The pressure switch is adjusted for a 
given pressure (for example, 30 mm- 
Hg); below this pressure there is no 
transmission, but when this pressure 
is exceeded, transmission begins. Thus, 
the investigator need not observe the 
animals but will be informed whenever 
pressures exceed the selected level in 
any animal. If the investigator desires 
to know which specific animal may be 
bloating, each transmitter is tuned to 
a different frequency by inserting into 
the coil circuit a ceramic capacitor of 
a different capacitance; this will change 
the frequency of transmission. Figure 
2 gives values for frequency versus 
capacitance. In this manner, ten ani- 
mals may be telemetered on ten dif- 
ferent frequencies, and by scanning 
this range with the receiver, bloat can 
be determined in individual animals. 

The major disadvantage of this sys- 
tem is that the transmitter must be re- 
covered by surgery or slaughter. How- 
ever, the low cost of each unit and the 
long life of the battery should balance 
this disadvantage. By replacement of 
the battery, the unit may be used 
again and again (3). 

LoyaL C. PAYNE 
Department of Veterinary Science, 
College of Agriculture, 
University of Nebraska, Lincoln 
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Letters 


Smoking, Masculinity, and Age 


It was with considerable interest that 
I read Seltzer’s recent article [Science 
130, 1706 (18 Dec. 1959)] on “mascu- 
linity and smoking,” for it coincides 
with a thesis which I have been ex- 
pounding privately during the last 6 or 
7 years. Since my proposal was arrived 
at by a somewhat different technique— 


namely, the arm-chair, inductive 
method—it justifiably has been ac- 
corded little attention—international, 


national, or even local. Nonetheless, 
now that the subject has been brought 
into the public forum by a respectable 
journal like Science, as a supplement to 
Seltzer’s much more scientific judgment 
I offer my contribution, with the reali- 
zation that there may still be a few gaps 
to be filled in before it is incorporated 
in standard textbooks. 

Up to perhaps 30 years ago cigarette 
smoking was very largely a male pre- 
rogative in our society. Subsequently, a 
noticeable fraction of women began 
smoking, and this fraction has con- 
tinued to increase. Therefore, at some 
time during this latter period the associ- 
ation of masculinity with cigarette 
smoking became of doubtful validity, 
and at present I suspect that only 
feeble-minded adolescent males and the 
advertising savants of Madison Avenue 
consider cigarette smoking to te a mark 
of masculinity. It follows that not 
smoking cigarettes should now become 
the new evidence of masculinity and, 
conversely, for a male to begin smok- 
ing cigarettes during the present era 
will be a sign of effeminacy. 

The following observations may be 
pertinent. (i) In the social environment 
in which I operate (scientific-profes- 


sional) there is a very significant per- © 


centage of males in the 25- to 45-year 


| age category who have never smoked 


cigarettes, and there are quite a few 
who have stopped during the last 5 to 
10 years for a variety of declared 
reasons which I shall not attempt to 
analyze; by contrast, among members 
of this group it is the rule for the wives 
to smoke. (ii) During the last 3. or 4 
years advertising programs for some 
cigarettes have leaned heavily on copy 
that depicts men in symbolically virile, 
masculine occupations: tattooed truck- 


| drivers, muscular longshoremen, lean 


cowboys, and the like. No doubt the 
scientists of Madison Avenue can pro- 
duce several explanations for such ad- 
vertising programs, but one wonders 
why it is necessary to belabor an obvi- 
ous point, unless the point is no longer 
obvious. (iii) I am informed that the 
sale of cigars—still smoked almost ex- 
clusively by males in this society—has 





been increasing phenomenally in the 
past few years. 

For reasons which readers will appre- 
ciate, I have made no detailed attempt 
to categorize my friends and acquaint- 
ances according to degree of mascu- 
linity and smoking habits. Some smok- 
ers in the 35- to 45-year age group may 
have been reared in communities where 
relatively few women smoked so that 
smoking was still largely a masculine 
prerogative when they began. There 
must have been few such areas in the 
United States since World War II, how- 
ever, and smokers under the ages of 30 
to 35, according to my thesis, would 
have begun when the taint of effemi- 
nacy was clearly present. Conversely, 
smokers now over 45 are beyond the 
age at which their masculinity can be 
questioned on the basis of their smok- 
ing habits. Moreover, as perhaps some 
readers will agree, after this age there 
is more objective evidence of attrition. 

Lewis K. DAHL 
Bellport, New York 


Commercialization of 
Scientific Findings 


There has been much discussion of 
late in the public press of the matter 
of “poisoned cranberries,” chickens 
made dangerous by use of hormone 
injections, and so on, but I have seen 
no rational attempt to place these cases 
in their proper niche as examples of a 
much larger problem. This is the prob- 
lem of premature or inadequately pre- 
pared commercialization of scientific 
finding. For every case so reported 
there must be hundreds which are 
ignored. And they represent a_ very 
dangerous trend. 

The cranberries in question were 
rendered suspect because of the more 
or less accidental discovery that cer- 
tain chemical weed killers contain 
chemicals which, under certain special- 
ized conditions, produce cancer. The 
possibility that these chemicals, in the 
concentrations likely to be absorbed by 
ordinary eaters of cranberries, would 
actually produce cancer in such con- 
sumers is practically nil. The hormone 
pellets implanted in male chicks to pro- 
duce physiological caponization simi- 
larly contain chemicals which under 
certain conditions produce cancer in 
certain animals, yet the chances that 
persons eating fowl so treated will 
thereby develop cancer are infinitesimal. 

To me the fact of the danger of 
cancer from these foods is not the im- 
portant fact. The important fact is that 
the chemicals in question were made 
commercially available when no ade- 
quate study had been made of their 
potentialities. A few years ago the 
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The NEW LKB 4800 Ultrotome ALONE will 


feed your electron microscope with unbroken series 
of large-sized uniform sections 
e Both push-button controlled and gentle automatic cutting. 


e@ Five constant cutting speeds from 2 to 50 mm/sec (can be 
reselected any time during cutting). 


Controlled by separate transistor unit, so that even un- 
trained operators can handle it. 





Three independent feed systems down to 50 A per cut 
(linearized thermal, micro-mechanical, macro-mechanical). 


A single high-power stereo-microscope for inspecting knife 
edge, preparing specimen, and observing cutting. 


In the U.S. and Canada: 


LKB INSTRUMENTS, INC, 


IN WASHINGTON’S SCIENCE INDUSTRY CENTER 


5451 RANDOLPH ROAD, ROCKVILLE, MARYLAND 


Other countries: 
LKB-PRODUKTER FAB 
P.O.B. 12220, Stockholm 12, Sweden 


LKB instruments are sold and serviced by authorized LKB distributors in more than 40 countries throughout the world. 
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LATEST ELECTRON MICROSCOPE PERMITS 
250,000 TIMES DIRECT MAGNIFICATION! 


Hitachi, Ltd. which has been supplying electron microscopes to scientific 
institutes and laboratories around the world, has now developed the new 
Model HU-11, a unit featuring extremely high resolving power. This is 
considerably less than 8AU, tending to distinguish it as a remarkable item 
of equipment by contemporary standards. 


Hitachi’s unique chromatic aberration compensating lens system has been 
further improved and a new electron gun provides a brighter illumination, 
allowing the photography of high order diffraction pattern. 


a Accelerating voltage 100, 75 and 50 kV switch-over 
@ Optical system 3-stage magnetic lens system. 4 turret pro- 
jection lenses, interchangeable during op- 
eration. 
Illuminating system Self-biased gun with double condenser 
lenses. Minimum area of illumination of 
about 5,y? 
Magnification (Electronic) 400—250,000 X 
(Photographic Enlargement) up to 2,000,- 
000 X 
Resolving Power (Microscope) 8 AU 
Photographic Facilities 36 successive exposures 
exposure size: 8cm x 6 cm 
Accessories specimen heating and cooling devices. X-ray 
microscope unit, holder for diffraction 
observation, etc. 


@) _Witachi.Ltd. 


Takyo Japon. 
Cable Address: “HITACHY" TOKYO 








ATTENTION 
MICROSCOPISTS 


Here is the England Finder for relocating 


points of interest on any microscope. 





2 
aj 















































Easily cleaned as heat or chemicals don’t 


harm it. 


ERIC SOBOTKA CO. e 





108 West 40th St. 
New York 18, N. Y. 


Specialists in Imported Equipment 


Try UN I TRON 'S new 



































The Model MPS is a precision instru- 
ment designed to meet the exacting 
requirements of science, education 
and industry. Ideal for work in chemis- 
try, crystallography, biology. as well as 
the technology of paper, glass, textiles 
and petroleum. 

© Eyepieces: 5X (micro.), 10X (cross.) 
® Objectives: 4X, 10X, 40X, achro- 
matic, strain-free, centerable 
Nosepiece: quick-change type 
Substage condenser: focusable, 
3-lens, swing-out top mount, iris 
diaphragm 


Polaroid polarizer: rotatable 360° 
Polaroid analyzer: in sliding mount 
Bertrand lens: centerable 


Stage: 115mm diameter, revolves 
360°, reads to 6’ with vernier 


2 Compensators: quarter-wave 
plate and first order red plate 


© Focusing: both coarse and fine 
© FREE TEN-DAY TRIAL 

Quantity prices on three or more 

Accessory mechanical stage $14.75 


UN/ITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET « BOSTON 9, MASS. 














H Please rush UNITRON’s Microscope Catalog 4Z-4 I 
Hi Name. l 
| Company I 
I Address ft 
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French chemical industries placed on 
the market a number of weed killers. 
An investigation of the over-all value 
of these substances was undertaken by 
Roger Gautheret of the Sorbonne, and 
after intensive field trials he concluded 
that while they did kill the weeds as 
desired, their long-term effects on the 
quality and viability of the crops was 
such as to make many of them not 
only valueless but damaging. The in- 
dustry stood to lose millions which they 
had poured into the chemical processes 
and into their agricultural propaganda. 
A strong effort was made to have Gau- 
theret’s report suppressed, but he stood 
his ground and the objectionable prod- 
ucts were withdrawn from the market. 

One of the most tragic examples of 
this sort of thing in the United States 
is the current campaign to eliminate 
the fire ant in the South by airplane 
dusting of wide areas with specific in- 
secticides. The ants are being con- 
trolled, but in the process local birds 
which eat insects, and carnivores which 
eat the birds, are being destroyed, and 
a whole chain of untoward biological 
events has been set going which 
was not foreseen because insufficient 
thought and study had been given to 
the problem in the preliminary stages. 
The whole question of radioactive fall- 
out is just another example of action 
without sufficient study. 

We cannot and should not halt 
“progress.” But we should do our best 
to anticipate whether our procedures 
are likely to produce “progress.” We 
should not leave the evaluation of weed 
killers or of steroid hormones or of 
radioactive products to the chemists; the 
closest kind of collaboration with bot- 
anists (students of weeds), with phys- 
iologists (students of chickens and their 
potential consumers), and with doctors 
(students of potential victims of radio- 
active poisoning) is needed. Nor should 
these evaluators be either directly or in- 
directly dependent on the producers of 
the chemicals in question. It is all right 
for Du Pont and Lederle and the 
Atomic Energy Commission to main- 
tain their own corps of evaluation 
scientists, but we should maintain ade- 
quate corps of independent investiga- 
tors. The Bureau of Standards has a 
small role of this sort, and we saw a 
few years ago what happened when 
they made their independent evalua- 
tions of “battery additives” and “water 
purifiers.” Such studies should be 
greatly multiplied, given teeth, and 
given the respect and support of the 
community. 

I would like to see this whole prob- 
lem much more widely aired than it has 
been. 

PuHILip R. WHITE 
Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 


Meetings 
Esperantist Congress 


The 44th annual international con- 
gress of Esperantists was held in War- 
saw, Poland, 1-8 Aug. 1959. In at- 
tendance were 3254 members from 
many parts of the world, representing 
43 nations. The invitation,to convene in 
Warsaw, presented by the Polish Parlia- 
ment to the 43rd such congress in 
Mainz, Germany, had been accepted as 
particularly appropriate because 1959 
is the centenary of the birth of L. L. 
Zamenhof, who was born in Poland and 
who published from Warsaw his pam- 
phlet presenting the international lan- 
guage which became known as Es- 
peranto. 

The opening session was Officially 
welcomed by the vice chief minister of 
Poland. The Polish Government issued 
two postage stamps commemorating the 
congress. Among meetings held in con- 
nection with the regular sessions of the 
congress was that of the Internacia Sci- 
enca Asocio Esperantista (now more 
than 50 years old), 46 members being 
present from 18 countries. At the in- 
stitute called Somera (summer) Uni- 
versitato, the following scientific subjects 
were discussed: the international organ- 
ization of the struggle against hunger 
(Paul Neergard, director of Denmark’s 
pathology service); the centenary of 
spectroanalysis in 1959 (Hugo Sirk, 
Vienna); possibilities and difficulties for 
interplanetary travel (B. Popovi¢, Sa- 
rajevo); the centennial of evolution 
(Andreo Grebecki, Warsaw); and prac- 
tical applications of sex diagnosis in 
cells (Giorgio Canuto, Turin). These, 
like all proceedings of the congress it- 
self, were presented in Esperanto with- 
out translation. 

The invitation from the city of Brus- 
sels that the congress meet there in 
August 1960 was accepted. Invitations 
for 1961 and 1962 were received from 
Madrid and from Zurich, respectively. 
Japan has asked to be host to the 1965 
congress. 

Ivy KELLERMAN REED 
La Jolla, California 


Forthcoming Events 


March 


24-25. Geological Soc. of America, 
Lexington, Ky. (T. G. Roberts, Dept. of 
Geology, Univ. of Kentucky, Lexington:) 

24-26. American Assoc. for the History 
of Medicine, Charleston, S.C. (J. B. Blake, 
c/o Smithsonian Institution, Washington 
25:) 

24-26. Aviation Education, 4th natl. 
conf., Denver, Colo. (W. Kinkley, Super- 
intendent of Schools, Aurora, Colo.) 
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PROGRAM FOR 


GORDON RESEARCH CONFERENCES 


To Appear in SCIENCE, 18 MARCH 


Research Directors: 


Looking for an excellent medium for your recruiting 


ads? We strongly urge 


ad in this issue. 


that you seriously consider an 


Because of the importance of these conferences, re- 


search scientists in all fields of science will be vitally 


interested in what will 


be discussed at this meeting. 


Therefore your ad will receive better than average 


readership because SCIENCE is the-only place the pro- 


gram is published. 


If you are looking for scientists in any of the following 


fields, you can find them among the 63,000 readers of 


SCIENCE: 


Physical Chemistry 
Ceramics 

Organic Chemistry 
Biochemistry 

Space Physics 
Plasma Physics 
Nuclear Physics 
Metallurgy 

Space Medicine 


Radiation Chemistry 
Analytical Chemistry 

Solid State Physics 
Radiation Physics 

Infra-Red Systems 
Magnetohydrodynamics 
Human Factors 
Electromagnetic Propagation 
Operations Research 


lf interested, call, write, or wire: 


SCIENCE: 


11 WEST 42ND STREET 
NEW YORK 36, NEW YORK 
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| 
NEW ITEMS | 
Prepared by Sigma | 
1-Methyl Nicotinamide, lodide | 


( GRADE, Crystalline 


Standard for Determination in Urine in Pellegra Patients 
(Caution: Do not confuse with N’ isomer ) 


Estriol 
Estrone 3-Methyl Ether 
Estradiol 


CDP Ethanolamine 







Fluorescein Isothiocyanate 


Leucyl-B-Naphthylamide 










Carbobenzoxy Chloride 


L-Proline, © Graoe 
The World’s first offering free of Hydroxy-L-Proline 


Carbobenzoxy Leucyl-8-Naphthylamide 
Carbobenzoxy Leucine (70% oil) 








For Histochemical Studies 
DL-Alanyl-8-Naphthylamide 
B-Naphthylamine-free for the first time anywhere 


L-Leucyl-8-Naphthylamide HC1 













5-Bromoindoxyl acetate 





S-Acetyl Mercapto Succinic anhydride 


L- & DL-Cephalin (dipalmitoyl) 
synthetic (pfs) 

L- & DL-Lecithin (dipalmitoyl) 
synthetic (pfs) 











TELEPHONE COLLECT from anywhere in the world 


Day, Station to Station, 
PRospect 1-5750 

Night, Person to Person, 
Dan Broida, WYdown 3-6418 


The Research Laboratories of 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB ST., ST. LOUIS 18, MO., U. S.A, 
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26-27. American Psychosomatic Soc., 
17th annual, Montreal, Canada. (E. D. 
Wittkower. APS 265 Nassau Rd., Roose- 
velt, N.Y.) 

28-31. Exploitation of Natural Animal 
Populations, symp., Durham, England. 
(E. D. Le Cren, British Ecological Soc., 
The Ferry House, Ambleside, Westmor- 
land, England.) 

29-31. American Power Conf., 22nd 
annual, Chicago, Ill. (R. A. Budenholzer, 
Mechanical Engineering Dept., Illinois 
Inst. of Technology, 3300 Federal St., 
Chicago 16.) 

29-2. National Science Teachers Assoc., 
8th annual conv., Kansas City, Mo. (Miss 
M. R. Broom, NSTA, National Education 
Assoc., 1201 16 St., NW, Washington 4.) 

31-1. The Actinomycins and Their Im- 
portance in the Treatment of Tumors in 
Animals and Man, conf., New York, N.Y. 
(E. T. Miner, The New York Academy of 
Sciences, 2 E. 63 St., New York 21.) 

30-31. Adrenergic Mechanisms, Ciba 
Foundation symp. (by invitation only), 
London, England. (G. E. W. Wolsten- 
holme, Ciba Foundation, 41 Portland Pl., 
London, W.1, England.) 

31-1. Continuous Culture of Micro- 
organisms, symp., London, England. (R. 
Elsworth, c/o Ministry of Supply, Micro- 
biological Research Establishment, Por- 
ton, Salisbury, Wilts., England.) 

31-2. American  Gastroenterological 
Assoc., New Orleans, La. (W. Volwiler, 
Dept. of Medicine, Univ. of Washington, 
Seattle.) 


April 


1-3. American Soc. of Internal Medi- 
cine, San Francisco, Calif. (R. L. Richards, 
350 Post St., San Francisco 8.) 

1-3. American Soc. for the Study of 
Sterility, Cincinnati, Ohio (H. H. Thomas, 
920 S. 19 St., Birmingham 5, Ala.) 

1-4. Bahamas Medical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Lauder- 
dale, Fla.) 

2. Paleontological Research Institution, 
Ithaca, N.Y. (Miss R. S. Harris, 126 
Kelvin Pl., Ithaca.) 

2-6. American College of Obstetrics 
and Gynecologists, Cincinnati, Ohio. (D. F. 
Richardson, 79 W. Monroe St., Chicago 3.) 

3-6. American Surgical Assoc., White 
Sulphur Springs, W.Va. (W. A. Altemeier, 
Cincinnati General Hospital, Cincinnati, 
Ohio.) 

3-7. International Anesthesia Research 
Soc., Washington, D.C. (A. W. Friend, 
E. 107 St. and Park Lane, Cleveland 6, 
Ohio.) 

3-8. Nuclear Cong., New York, N.Y. 
(P. Lange, Engineers Joint Council, 29 W. 
39 St., New York.) 

4-5. Solar Energy, symp., Gainesville, 
Fla. (J. C. Reed, Mechanical Engineering 
Dept., Univ. of Florida, Gainesville.) 

4-6. American Inst. of Electrical Engi- 
neers, Houston, Tex. (N. S. Hibsham, 
145 N. High St., Columbus 15, Ohio. 

4-6. American Inst. of Mining, Metal- 
lurgical and Petroleum Engineers (43rd 
Natl. Open Hearth Steel Conf. and Blast 


Furnace, Coke Oven and Raw Materials 
Conf.), Chicago, Ill. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 
4-6. American Oil Chemists’ Soc., Dal- 
las, Tex. (Mrs. L. R. Hawkins, AOCS, 35 
E. Wacker Drive, Chicago 1, Ill.) 
4-6. Chemical and Petroleum Instru- 


mentation Symp., 3rd_ natl., Rochester, 
N.Y. (Director, Technical & Educational 
Services, ISA, 313 Sixth Ave., Pittsburgh 
22, Pa.) 

4-7. Atomic Exposition, New York, 
N.Y. (Atomic Exposition, 117 S. 17 St. 
Philadelphia, Pa.) 

4-8. American College of Physicians, 
annual, San Francisco, Calif. (M. Ross, 
American Psychiatric Assoc., 1700 18 St., 
Washington 9.) 

4-8. American Meteorological Soc., 3rd 
applied meteorology conf., Santa Barbara, 
Calif. (H. G. Houghton, AMS, Dept. of 
Meteorology, Massachusetts Inst. of Tech- 
nology, Cambridge 39.) 

4-8. American Soc. of Mechanical Engi- 
neers, New York, N.Y. (D. B. MacDou- 
gall, ASME, 29 W. 39 St., New York.) 

4-9. American College of Physicians, 
San Francisco, Calif. (E. R. Loveland. 
4200 Pine St., Philadelphia 4.) 

5-7. Instrument Soc. of America (Natl. 
Chemical and Petroleum Symp.), Roches- 
ter, N.Y. (H. S. Kindler, ISA, 313 Sixth 
Ave., Pittsburgh 22, Pa.) 

5-7. Naval Structural Mechanics, 2nd 
symp., Providence, R.I. (E. H. Lee, Brown 
Univ., Providence. ) 


(See issue of 19 February for comprehensive list) 














ards—Klett Reagents. 


GLASS ABSORPTION 
CELLS =“, 


KLETT 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 





ZOOGEOGRAPHY 


Editor CARL L. HUBBS 


To the Memory of Charles Darwin 
and Alfred Russel Wallace 


AAAS Symposium Volume No. 51 
510+ x pp., 115 illus., 13 tables, 6x9, author index 
of scientific names, references, cloth 


AAAS members’ cash orders $10.50, Retail $12.00 


August 1957 Stanford Symposium: 
The Origins and Affinities of the 
Land and Freshwater Fauna 
of Western North America 


December 1957 Indianapolis Symposium: 
Some Unsolved Problems in Biology, 1957: 
Geographic Distribution of 
Contemporary Organisms 
. a vast storehouse of information, 
. a kinetic approach, concerned with processes 
and explanations 
. great diversity in: groups of organisms—areas 
covered—topics stressed—angle of approach 


English Agents: Bailey Bros. & Swinfen, Ltd. 
Hyde House, West Central Street, London W.C.1 


American Association for the Advancement 


1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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Combines an electric hot- 
plate and magnetic stirrer 
which operate independently 
or simultaneously. Variable 
speed stirring is powerful 
enough to stir beaker of pure 
glycerin. Heat control by ad- 
justable thermostat. Top 
plate 734” of cast aluminum. 
No. 16632 for 115 volt oper- 
ation, low priced at. . $64.50 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718M Irving Park Road * Chicago 13, — 


HEAT anc STIR! 
new CENCO Hoiplate 
Magnetic Stirrer 
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COLONY COUNTER 


illuminated 
colony counter that marks 
as it counts automatically. 


This instrument pro- 
preci- 
sion methods 
counting cultures in 


various containers. 
Plates are flooded 
with cool, soft, 


glare-free illumina- | 
tion. Accurately re- 
cords pinpoint colonies. 


A mere touch of each colony with an electric 
actuates 
leaves an identifying puncture in the agar. When 
puncturing is not feasible, a marking pen may be 
used which marks the glass plate as it counts. Com- 
plete with push button counter, automatic reset to 
zero and magnifying viewer. 


UNCONDITIONAL ONE YEAR GUARANTY 
Write for Catalog C100-226S 


NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECISION 


P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 


ELECTRONIC 









for 





an electromagnetic counter and 


LABORATORY 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
provided that satisfactory credit is estab- 


lished. 
Single insertion $33.00 per inch 
4 times in 1 year 30.00 per inch 


7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 
Box (give number) 
Science 
1515 Massachusetts Ave., NW 
Washington 5, D.C. 


28.00 per inch 
27.00 per inch 














wiiil| POSITIONS WANTED iil 








ini POSITIONS WANTED iil 


(a) Bacteriologist, young Ph.D., post-doctoral 
research in immunochemistry; available for teach- 
ing or research appointment. (b) Anatomy Ph.D., 
with physiology-pharmacology teaching experience; 
desires commercial research or academic posi- 
tion. (c) Organic Chemistry Ph.D., with steroid 
and antibiotic experience; prefers research ap- 
pointment at senior level. S2-4 Medical Bureau, 
Inc., Science Division, Burneice Larson, President, 
900 North Michigan Avenue, Chicago. x 








Ethologist, Ph.D., desires teaching, research; 
broad background in evolution, ecology, physiol- 
ogy. Box 33, SCIENCE, x 








Gross Anatomist- Ruiedinin ching permanent 
medical or dental school appointment. Will at- 





tend = anatomists’ meetings. Box 39, 
SCIENCE xX 
Medical Writer, experienced; ‘‘ghosting’’ articles, 


editing, literature searching, 


abstracting. Box 
34, SCIENCE x 





Microbiologist, Ph.D. Broad background in basic 
research including microbial metabolism, _frac- 
tionation, modern biochemical techniques. Teach- 
ing experience. Seeks responsible post. Box 35, 
SCIENCE XxX 








Anatomy and Cytology. Husband, M.A. anatomy 
and histochemistry. Wife, B.S. and _ exfoliative 
cytology certification. Instruction experience: gross 
anatomy, histology, histochemistry, embryology, 
clinical pathology. Publications. Seek position 
together teaching and_ research. Box 45, 
SCIENCE. x 


Electron Microscopist, M.D. Cytology, histo- 
chemistry, experimental pathology background. 
Publications. Wide experience research and 
histology teaching. Academic or research insti- 
tute position desired. Box 32, SCIENCE. 








Microbiologist, Ph.D., desires position in univer- 
sity department, research and teaching. Expe- 
rience in mycology, cytology, and clinical bac- 
teriology. Publications. Box 40, SCIENCE. Xx 


Mier biologist-Biochemist, 40, Ph.D. Ten years’ 
research and development experience. Microbio- 
logical production enzymes, sugars, organic acids. 
Development peptones, yeast extract, low-cost 
fermentation media ingredients. Analytical micro- 
biology. Bacteriophage. Fermentation biochemis- 
try. lon exchange. Desire research-supervisory 
position. Box 36, SCIENCE. x 




















(Miiill POSTTIONS WANTED iil 


Biologist, Ph.D., 11 years’ teaching experience. 
Numerous publications. Box 14, SCIENCE. 
1/29; 2/5, 12 








Virologist, Ph.D., desires responsible academic or 
industrial research position, preferably West 
Coast. Experienced tissue culture, human and 
animal virus — development, public ee 
Box 37, SCIE 





Plant Breeder-Cytologist, Ph.D. in June. Wide 
experience at three institutions. Commercial or 
institutional position desired. Box 41, ne 


‘M| POSTTIONS OPEN |i 


Assistant Clinical Chemist. Masters degree in 
biochemistry or bachelors degree in chemistry 
plus experience. Will assist in supervision of clin- 
ical chemistry laboratory; performance of spe- 
cial tests, research and development in method- 
ology. New 480-bed hospital with excellent mod- 
ern laboratory facilities. Located in large eastern 
city. Box 42, SCIENCE. xX 











Biochemist, to participate in several research 
programs dealing with carbohydrate and steroid 
metabolism. In charge of two-man_ laboratory. 
Minimum of M.A. degree or experience equiv- 
alency. New laboratory, liberal policies, living 
quarters available, salary open. Apply Personnel 
Department, Jewish Chronic Disease Hospital, 
E. 49 St. and Rutland Road, Brooklyn, N.Y. 








Biologist prepared to teach general biology, ‘anat- 
omy and physiology, and bacteriology. Chemist 
prepared to teach inorganic and organic chemis- 
try and quantitative analysis. Ph.D. degree pre- 
ferred in both cases; M.A. or M.S. will be con- 
sidered. Write chairman of respective depart- 
ments, Nazareth College, 851 South Fourth Street, 
Louisville 3, Kentucky. x 
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Iii] POsiT1ONs OPEN |i 


(a) Biochemist experienced in preparation of 
new drug applications to initiate and supervise 
research for leading animal-drug products manu- 
facturer; Midwest. (b) Physiology Instructor or 
Assistant Professor for medical school; Midwest. 
(c) Abstractors with biological or medical train- 
ing and knowledge of foreign languages; up to 
$10,000 year; East. (d) Research Scientist for 
respiratory and entero-virus studies at leading 
university public health school. (e) Biochemist, 
Ph.D., for molecular biology research at uni- 
versity research institute; up to $9,000 year; 
Southwest. (f) Physiologist for burn and hemor- 
thagic shock research; around $11,000 year; 
South. (g) Microbiology Assistant Professor with 
teaching experience for new state college; Pacific 
Coast. (Please write for details; also many other 
positions available through our nationwide serv- 
ice.) S2-4 Medical Bureau, Inc., Science Divi- 
sion, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. x 


BIOLOGICAL 
SCIENTIST 


B.S.—M.S. 


Excellent opportunity with well-known pharmaceutical firm 
located in Philadelphia for alert individuais having M.S. 
or B.S. in the biological sciences. Position in science 
information department offers opportunities to work with 
a wide variety of scientific subjects. Applicants should 
have good written and oral expression, Liberal benefits. 
Send complete resume. 
Box 30, SCIENCE 














(a) Director, Clinical Research, M.D. eupertenced 
clinical research, pharmaceutical industry; $15, 
up; midwestern branch, prominent pharma- 
ceutical company. (b) Bacteriologist, M.S., Ph.D., 
trained virology, tissue culture; to direct state 
spproved laboratory, 100-bed general hospital; 
ew England. (c) Biochemist, M.S., clinical ex- 
perience; supervise busy section, 400-bed joneral 
hospital; midwestern university center. (d) Vir- 
ologist, Ph.D., experienced tissue culture; re- 
search institute affiliated outstanding western 
medical school; to $11,000. (d) Biochemist, Ph.D., 
experienced proteins; direct wee? promi- 
nent eastern company; to $14,000. (Our 64th 
Year: Founders of the counseling service to the 
medical profession; serving medicine with dis- 
tinction over half a century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, Di- 
rector, 185 North Wabash, Chicago. x 





Lith! POSITIONS OPEN jill 


Marine Biologist, Ph.D., with substantial re- 
search record to develop’ a research and teach- 
ing program in marine biology in littoral — 





University appointment. Box 38, SCIENCE. 





Current opening for Parasitologist, instructor or 
assistant professor, for full-time research on 
parasitic diseases, starting salary $5500-$6400. 
Also Chemist or Biochemist, B.S. or M.S., as 
research assistant in fundamental studies on 
muscular dystrophy; will consider either full- 
time appointment starting at $5200 or two _half- 
time graduate students at $2600. Write Dr. E. A. 
Tunnicliff, ead, ontana Veieisnary Research 
Laboratory, Bozeman, Montana. 3/11 





Pharmacologist. Physiological or pharmaceutical 
background for research in pharmacology and 
toxicology. Independent research laboratory on 
east coast. Salary at . D. or equivalent level 
Write Box 19, SCIENC 2/19 





Physical Biochemist, prospective or recent Ph.D., 
as collaborator in studies of protein denaturation 
at Massachusetts Institute of Technology. Excel- 
lent salary, appointment renewable for several 
years. Early availability is very desirable. Write 
to Dr. J. Steinhardt, Room 20D-101, Massachu- 
setts Institute of Technology, Cambridge 39. 3/4 


Research Assistant. B.S. in biology required to 
assist in cancer research project. tench. medi- 
cal research institute. Box 44, SCIENC xX 


Research Associate, M.S. or Ph.D. Major in 
chemistry. Warburg orientation desirable. De- 
partmentalized research laboratory in large gen- 
eral hospital. Immediately available. Write Dr. 








Robert C. Grauer, Director, Singer Research 
Laboratory, Allegheny General Hospital, Pitts- 
burgh 12, Pa. 3/4 





SENIOR 
ORGANIC 
CHEMIST 


Organic research 


laboratories of major pharmaceu- 
tical manufacturer located in Philadelphia desires 
experienced organic chemist. Additional 


chemical engineering courses or “eget with large 


eo Mt replies 


handled confidentially. Box 46, SCIEN 





Head of a Department of Biochemistry (with 
rank of professor) in the Weizmann Institute 
of Science, Rehovoth, Israel, to direct a pro- 
gram of fundamental research. Please send + 
sumés to the Academic Secretary. 





Sineneeietegtt. er expanding Chicago medical 
research center, i agg 2 of pathology, has 
opportunity for M. or B.S. immunologist to 
conduct experiments on immunopathology of 
cancer. Box 43, SCIENCE. Xx 








Microbiology and Plant Biochemistry Graduate 
Assistantships. $2100-$2300 per year, free tuition. 

. B. Johnstone, Hills Building, University of 
Vermont, Burlington, Vt. 3/4 





PSYCHOPHARMACOLOGIST 


Research position for a Ph.D. in experimental psy- 
chology, familiar with operant and respondent con- 
ditioning of animals. 


Research training or experience in the fields of 
pharmacology and physiology would be highly de- 
sirable. 


The position would involve supervision of an exist- 
ing well-equipped laboratory and collaboration 
with a neurophysiologist and inter-disciplinary 
research program on behavior and the elucidation 
of drug action. Research of personal interest 
would be encouraged. 


Please send complete curriculum vitae. 


Employment Office 
LEDERLE LABORATORIES 
AMERICAN CYANAMID CO. 
Pearl River, New York 





Virologist-Tissue Culturist, Ph.D. Training and/or 
experience in the isolation of viruses as well as 
the cultivation of cell cultures for research on 
problems relating to tumor viruses. Ample salary, 
new building, and newly organized research 
group in East. Box 15, SCIENCE. 3/4 


IA ¥FE1.0 w ste sil 


Graduate Study Fellowships. For students work- 
ing toward Ph.D. degree in biochemical pharma- 
cology. Good chemical background desirable. 
Program emphasizes thorough biochemical train- 
ing as preparation for research. Tax-free stipends, 
$1800-$3800, determined by academic fees. Phar- 
macology Department, Washington ie 
/ 








Medical School, St. Louis 10, Mo. 





Pre- and Postdoctoral Fellowships in Medical 
Mycology. $1800 to $4400 annually, tax-iree, tui- 
tion paid. Dependency allowances as required. 
Write Program Director, Medical Mycology, Tu- 
lane University School of Medicine, New Or- 
leans, La. xX 





Postdoctoral Traineeship in Neuropharmacology 
and Biochemical Pharmacology. For the Ph.D. in 
chemistry, biochemistry, or pharmacology, or the 

D. who would like to broaden his training and 
enter research or teaching. Stipends, largely tax 
free, $4500-$7000 per year, determined by qualifi- 
cations, experience, and number of dependents. 
Program emphasizes the biochemical approach to 
the study of pharmacology. Research areas include 
the nervous system, retina, kidney, antibiotics, 
energy-yielding processes, adaptive enzymes, and 
so forth. Department of Pharmacology, Washing- 
ton University Medical School, St. Louis 10, Mo. 





Predoctoral and Postdoctoral Fellowships in Bio- 
chemistry. Study program leading to the Ph.D. 
degree, also postdoctoral research. Predoctoral 
annual stipends begin at $2800 plus a tuition 
exemption and dependency allowance and increases 
to $3200. Postdoctoral fellowships range from 
$4500 upward depending upon experience and 
dependency status. Basic research in intermediary 
carbohydrate, fat, protein and nucleic acid meta- 
bolism, oxidative phosphorylation, protein syn- 
thesis, enzymology. Excellently equ ippee labora- 
tories. Write Dr. Harland G. Wood, Chairman, 
Department of Biochemistry, Western Reserve 
University, Cleveland 6, Ohio. 2/26; 3/4, 11 


The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 





DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


Single insertion bee per inch 


4 times in 1 year .00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














Will BOOKS AND MAGAZINES ji 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, 

















Runs and Volumes bought at top Agee 

Your wants coplte from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service, N. ‘ Y. 








iiiil| PROFESSIONAL SERVICES HI 


HISTOLOGY 
for 
Industry and Research 


GEORGE L. ROZSA, M.D. 


143 Linwood Ave. Buffalo 9, New York 
GRant 7165 




















1919 - 1960 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 


Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 


Send for Illustrated 
Controls Handbook 





Dept. H 


{ill SUPPLIES AND EQUIPMENT jj 











ETHYLENE-GLYCOL 
SUCCINATE and ADIPATE 


Chromatographic packing and 
Stationary phases 
Each batch performance tested 
Applied Science Laboratories, Inc. 
Dept. C, 108 N. Gill St., State College, Pa. 
ADams 8-0221 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 



















YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373¢ Denver 16, Colo. 
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OPTICAL INSTRUMENTS 





K MADE IN WEST GERMANY 
Inc. 
ED The optical skill and inventiveness which led to the creation of the 
ries Zeiss planetarium instrument are reflected in the superb performance 
ica. of the many Zeiss optical products that serve science and industry. 
i Founded in 1846, the firm of Carl Zeiss has always 
7 been a leader in its field. 

MICROSCOPES 


OPTICAL MEASURING INSTRUMENTS 


aT GEODETIC INSTRUMENTS 


— for terrestrial and aerial surveying 
ASTRONOMICAL TELESCOPES 


ors OPTO-MEDICAL INSTRUMENTS 





PHOTOGRAPHIC LENSES 


PRISM BINOCULARS 





E 
OPHTHALMIC LENSES 
| 
Inc. SiG, 
», Pa. 
‘ 
y THE ZEISS 
: ‘ PLANETARIUM INSTRUMENT 
D 
The latest model is-now in operation at the American — 
Ic Museum-Hayden Planetarium, New York. : 


CARL ZEISS, INC., 485 Fifth Ave., New York 17 





Miss Julia 


= Rothermel 


Western College 


NF 
29F33 


Oxford Ohio 





SPENCER 


1 ASSURES MAXIMUM OPTICAL PERFORMANCE OF 


YOUR MICROSCOPE— Koehler type illumination— 
ideal for bright field... phase... interference ... polar- 
izing ... and dark field microscopy and photomicro- 
graphy. Numerical aperture...and field diaphragm 
settings regulated accurately and effectively — permit 
full resolving power of your microscope. 


OFFERS WIDE SELECTION OF FILTERS — Eight levels 
of intensity ... plus daylight, green and red filters... 
quickly selectable by simple finger-tip rotation of tur- 
ret mounted filters. Optimum intensity and correct 
contrasting color selection are very important factors 
to reveal the specimen detail you're investigating. 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15; NEW YORK 


SPENCER 


Onthe-Hluminaler? 


3 PROVIDES PERMANENT ALIGNMENT WITH MICRO- 


SCOPE — Three point positioning device. precisely 
locates and rigidly retains any make microscope equip- 
ped with horseshoe base. Microscope may be removed 
and easily repositioned against locating device with- 
out disturbing absolute alignment. Near parallel beam 
of light evenly illuminates entire field of view. 


COSTS LESS THAN YOU THINK — Model 600 AO- 
Spencer Ortho-Illuminator complete... $165.00. 
Optically and mechanically designed to give you years 
of trouble-free service ... maximum efficiency. . . and 
reduced fatigue. 


formerly available from Silge & Kuhne, San Francisco 


Please send me Color Brochure SB600 on the AO Spencer 
Ortho-Illuminator. 


Name 


Address 














